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1.0  INTRODUCTION 


This  document  is  a  User's  Guide  which  is  to  be  used  with  the  Propulsion 
System  Performance  Simulation  (PS**2) .  This  simulation  is  an  automated 
method  to  evaluate  the  performance  characteristics  of  different  engines 
and  transmissions  that  are  proposed  for  use  in  Army  tank-automotive 
equipment.  This  simulation  has  been  developed  by  the  Propulsion  Systems 
Division  of  the  Research,  Development  and  Engineering  Center  of  the  U.S. 
Army  Tank-Automotive  Command.  The  simulation  utilizes  engineering 
perfor.nance  data  of  vehicles,  engines  and  transmissions  to  evaluate  the 
performance  of  complete  vehicle  systems.  The  simulation  produces  text 
and  graphic  output  to  show  the  performance  characteristics  of  Tractive 
Force  vs  Vehicle  Speed,  Sprocket  Horsepower  vs  Vehicle  Speed,  Vehicle 
Speed  vs  Time,  Vehicle  Distance  vs  Time  and  Vehicle  Fuel  Consunption. 

The  Tractive  Force  vs  Vehicle  Speed  and  Sprocket  Horsepower  vs  Vehicle 
Speed  listings  and  graphs  are  used  to  evaluate  a  vehicle's  slope¬ 
climbing  ability.  Vehicle  full  power  acceleration  information  is 
provided  in  the  form  of  a  listing  of  vehicle  speed  and  distance  and 
other  data  for  every  .1  second.  Gaphs  of  Vehicle  Speed  vs  Time  and 
Vehicle  Distance  vs  Time  are  plotted  from  this  data.  The  fuel 
consumption  map  consists  of  lines  for  sprocket  horsepower  vs  speed  for 
constant  fuel  consumption.  Tl  jre  is  one  plot  for  each  individual  gear 
range. 

The  simulation  is  a  computer-based,  interactive  system  which  runs  on  the 
RDE  Center  Prime  time-sharing  computer  systejt;  it  has  recently  been 
updated  to  make  it  more  user-friendly.  No  previous  computer  experience 
is  required  by  the  user.  This  manual  provides  the  information  required 
to  use  the  PS**2,  Actual  simulation  samples  are  used  extensively  in 
this  manual;  a  sample  terminal  session  is  provided  in  Appendix  D  for 
reference. 

1.1  SIMULATION  PURPOSE 

The  purpose  of  the  Engine  Transmission  Performance  Evaluation  Simulation 
is  to  provide  engineers  with  a  measuring  device  to  evaluate  different 
vehicle  configurations  quickly  and  easily,  as  well  as  to  provide  enough 
information  to  make  decisions  regarding  selection  of  a  particular 
systan.  The  simulation  provides  access  to  Vehicle,  Engine,  and 
Transmission  data  that  has  been  compiled  by  the  Propulsion  Systens 
Division. 

1.2  BASIC  SIMULATION  COMPONENTS 

There  are  three  basic  types  of  components  in  this  simulation;  Vehicles, 
Engines,  and  Transmissions.  These  canponents  are  also  referred  to  as 
"entities."  The  user  is  allowed  to  create,  or  select  from  a  catalog, 
each  of  those  components  individually  to  simulate  alternative 
configurations. 

The  first  type  of  component  represents  the  vehicle  characteristics. 


These  include  physical  attributes  (e.g.,  weight,  frontal  area,  rolling 
resistance,  etc.)  as  well  as  naines  Cot  an  engine  and  transmission  that 
are  standard  with  the  vehicle.  Currently,  there  are  approximately  20 
vehicles  in  the  AMSTA-RG  CATALOG  from  which  to  choose. 

The  second  type  of  simulation  entity  is  the  engine.  This  is  the  source 
of  power  for  the  simulated  vehicle.  There  are  approximately  30 
parameters  which  describe  the  engine  characteristics;  many  of  the 
attributes  are  vectors  and  data  arrays.  There  are  now  over  three  dozen 
engines  in  the  AMSTA-RG  CATAJ/)G. 

The  last  simulation  component  type  is  the  transmission.  In  addition  to 
the  general  characteristics,  each  transmission  has  an  additional  set  of 
engine-dependent  attributes;  there  is  a  separate  set  of  values  for  each 
engine  with  which  the  transmission  can  be  matched.  In  this  respect,  the 
variety  of  engines  that  can  be  simulatfd  with  any  given  transmission  is 
limited.  Presently,  the  AMSTA-RG  CATAI^OG  contains  over  one  dozen 
transmissions. 

1.3  SIMULATION  PHILOSOPHY 

The  simulation  has  been  developed  so  that  an  engineer  will  be  able  to 
exercise  it  and  obtain  ineaningful/satisfactory  results.  It  is  written 
in  SIMSCRIPT  II. 5,  a  simulation  language.  Considerable  effort  and 
testing  have  been  devoted  to  making  this  simulation  user-friendly  but 
more  suggestions  are  welcomed.  Following  are  descriptions  of  features 
which  facilitate  ease  of  use. 

1.3.1  SIMULATION  PROMPTS.  The  simulation  uses  a  system  of  "prompts"  to 
ccxtmunicate  with  the  user.  When  the  simulation  requires 
information/inputs  from  you  (the  user),  it  will  usually  request  the 
required  information  by  printiivg  a  stab-jnent  (prompt)  at  your  terminal 
(e.g.,  ENTER  TERMINAL  TYPE)  followed  l>y  the  prompt  character,  a  greater 
than  sign  (>)  .  When  this  character  is  displayed  the  coni[Xiher  is  waiting 
for  an  input  from  you. 

The  level  of  detail  provided  in  the  prompts  can  be  S(5Gcified  by  the 
user.  There  are  two  levels;  full  and  brief.  The  prompt  level  is 
automatically  set  to  "full"  which  provides  the  maximum  prampt 
information.  Until  you  become  proficient  in  the  use  of  this  simulation, 
it  may  not  be  wise  to  change  the  prompt  level. 

1.3.2  USER  RESPONSES.  When  entering  your  responses  ho  the  simulation 
prompts,  they  should  always  be  in  UPPERCASE.  Terminals  generally  liave  a 
shift  "lock"  key.  When  it  is  depressed,  it  will  only  generate  UPPERCASE 
responses. 

If  you  make  a  mistake  while  entering  your  response,  this  can  be  easily 
corrected.  If  you  have  only  mistyped  a  character  or  two,  you  can  use  a 
character  delete  to  erasi?  the  incorrect  characters  (one  for  each 
character  to  be  deleted).  If  you  Ivivo  tyjxxl  an  incorrect  cotntiand,  yon 
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can  use  a  line  delete  to  erase  your  entire  line.  Check  the  appendix 
specific  to  the  terminal  type  you  are  usinq  to  ascertain  these  deletion 
characters. 

To  streamline  user  responses,  most  simulation  inputs  have  abbreviations. 
All  recognized  abbreviations  are  displayed  next  to  the  full  length 
command;  for  example,  SIMULATE (SIM) .  In  addition,  YES  can  be 
abbreviated  as  a  Y  and  NO  can  be  abbreviated  as  an  N  throughout  the 
simulation. 

Another  point  to  remember  is,  if  you  are  requested  to  enter  a  list  of 
values  as  your  response,  these  values  should  be  separated  by  blanks.  No 
other  seperator  is  acceptable;  commas  should  NOT  be  used. 

When  you  have  successfully  typed  your  response  to  the  prompt,  it  must 
then  be  transmitted  to  the  computer.  This  step  is  accomplished  by 
entering/depressing  the  "RETURN”  key;  this  is  also  known  as  entering  a 
"carriage  return.” 

The  simulation  may  be  terminated  by  pressing  the  "BREAK"  key.  This 
causes  the  canputer  to  iimmediately  stop  execution  of  the  simulation  and 
returns  to  the  computer  operating  system.  Pressing  the  "BREAK"  key 
causes  a  SIMSCRIPT  error  and  a  traceback  can  be  be  obtained  showing 
where  the  simulation  was  when  it  was  stopped.  Doing  this  may  cause  loss 
of  the  vehicle,  engine  and  transmission  data  that  were  active  in  the 
simulation  at  that  time,  if  they  had  not  been  saved.  Normal  termination 
is  described  in  Section  2,4.4. 

1.4  MANUAL  IJVYOUT 

The  ranainder  of  this  manual  is  organized  into  four  sections.  Section  2 
presents  instructions  required  to  run  the  simulation.  Section  3 
stipulates  the  inputs  the  user  provides;  section  4  details  the  outputs 
of  the  simulation.  Section  5  provides  infonnation  regarding  errors  that 
can  be  encountered  as  well  as  potential  solutions  for  the  user. 

Additionally,  seven  appendices  are  provided.  They  are  listed  below; 
Appendix  A  -  TEKTRONIX  Terminal  Information 
Appendix  D  -  TAD  Terminal  Information 
Ap^iendix  C  Decwriter  (TfY)  Terminal  Information 
Appendix  D  -  Sample  Terminal  Session 
Appendix  E  -  Graftek  Information 
Appendix  F  -  Fuel  Map  Information 

Appendix  G  -  Engine/Transmission  Matching  Information 
Appendix  H  -  Blank  Vehicle  Data  Sheet 
Api^endix  I  -  Blank  Engine  Data  Sheet 
Appendix  J  -  Blank  Transmission  Data  Sheet 

2.(3  EXM’UTING  THE  SIMULATiaN 

This  section  explains  how  to  execute  the  PS**2  simulation. 
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following  four  subsections  desl  with  1)  what  Is  necessary  before  using 
the  computer,  2)  logging  Into  the  computer,  3)  PS**2  Initiation,  and  4) 
PS**2  operations.  Examples  from  actual  terminal  sessions  are  Included. 

2.1  BEFORE  USING  THE  COMPUTER 

The  PS**2  simulation  has  been  developed  for  the  TACOM  RDE  Center.  The 
TACOM  RDE  Center  Computer  consists  of  three  CPU's  (Central  Processing 
Units)  linked  In  a  network,  and  housed  together  In  Bldg.  215. 
Communication  between  remote  computer  terminals  and  the  CPU's  Is  via 
telephone  lines.  Stationed  near  each  terminal  Is  a  modem 
(modulator/demodulator),  which  sends  and  receives  computer  signals  In  a 
form  suited  to  the  phone  lines.  The  modem  will  be  either  telephone- 
style  (Dataphone)  or  toggle-switch  style  (Gandalf). 

Prior  to  running  the  simulation,  you  will  need  to  obtain  a  coraputer 
userid  and  password  on  the  TACOM  RDF.  Center  computer.  When  you  are 
assigned  a  userid,  your  file  storage  area  will  be  assigned  to  a  disk 
storage  unit  controlled  by  either  DRAS  (Date  Reduction  Analysis  System) 
or  FEM  (Finite  Element  Modeler),  two  of  the  three  CPU's.  Additionally, 
If  you  are  going  to  use  a  dataphone  (versus  a  Gsndalf  modem)  to 
communicate  with  the  computer,  you  will  need  the  computer  telephone 
number.  All  this  Information  can  be.  obtained  from  your  Terminal  Area 
Security  Officer  (TASO). 

2.2  COMPUTER  LOGIN 

Now  you  are  ready  to  use  the  computer.  The  simulation  has  been  tailored 
to  operate  on  remote  terminals  such  as  a  Tektronix  4014,  Tab  132-1 5G,  or 
any  (TTY)  terminal.  Locate  one  of  these  terminals.  If  It  has  an 
adjoi ni ng  Gandalf  modert,  turn  on  both  the  modem  and  the  terminal.  If 
you  are  using  a  dataphone,  do  the  following: 

1)  Turn  on  the  terminal, 

2)  Dial  the  computer  using  the  TALK  llnd, 

3)  Walt  for  a  loud,  high-pitched  tone  (a  carrier), 

4)  Depress  the  DATA  buttort,  then 

5)  Hang  up  the  phone  receiver. 

In  either  cae6,  depress  the  terminal  "RETURN"  key.  You  will  be  asked  to 
login.  Logins  are  of  the  form: 

LOGIN  userid  password  -ON  epuname 
If  you  are  successful,  information  will  be  printed  regarding  the 
compiitef,  and  an  "OK,"  will  appear.  If  you  are  unsuccessful,  an  error 
message  will  be  printed.  You  should  re-enter  the  LOGIN  line. 

2.3  SIMULATION  INITIATION 

Opce  you  receive  the  "OK,"  raessagd,  enter  SKG 

<FEM03>JACOBSON>PERFORMANCE>PS**2;  and  the  simulation  will  begin 
execution.  First  a  greeting  including  time  of  day,  datt',  and  simulation 
consultant  is  printed,  followed  by  Information  regarding  user  Input. 
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2.3.1  INITIAL  USER  INPUTS-  The  following  Is  a  sample  of  the  simulation 
Initiation.  All  examples  were  gener.ated  on  the  TTY  type  terminal.  The 
examples  are  printed  In  all  upper  case  letters. 


OK,  SKG  <FEM03>JAC0BS0N>PRRF0RMANCE>PS**2 

WELCOME  TO  THE  PROPULSION  SYSTEM  PERFORMANCE  SIMULATION. 

SIMULATION  EXECUTION  WAS  INITIATED  AT  IA.55.16  ON  11/21/83. 

IF  YOU  HAVE  ANY  DIFFICULTIES  USING  THIS  SIMUT.ATION,  CONTACT 
RICH  JACOBSON  AT  EXT.  45879/A5999 

IT  IS  NECESSARY  FOR  YOU,  THE  USER,  TO  PROVIDE  SOME  INFORMATION 
SO  THAT  THE  SIMULATION  CAN  TAILOR  INPUTS  AND  OUTPUTS  FOR  YOU. 

ENTER  YOUR  RESPONSES  FOLLOWING  THE  ••>*•,  AND  MAKE  SURE  THEY 

ARE  IN  UPPERCASE.  IT  IS  ALSO  NECESSARY  TO  DEPRESS  THE  "RETURN"  KEY 

TO  TRANSMIT  YOUR  RESPONSE  TO  THE  COMPUTER. 

ENTER  THE  BAUD  RATE  IN  CHARACTERS  PER  SECOND  (120  OR  960) 

> 


2. 3. 1.1  BAUD  RATE.  The  baud  rate  Is  the  speed  which  Information  can  be 
transmitted  to  and  from  the  computer.  If  you  are  accessing  the  computer 
through  a  dataphone,  then  the  baud  rate  Is  120.  If  the  connection  to 
the  computer  la  through  a'Gandalf  LDS  120  moded,  then  the  baud  rate  Is 
960.  The  computer  prompt  la  an  follows: 


ENTER  THE  BAUD  RATE  IN  CHARACTERS  PER  SECOND  (120  OR  960) 

>960 

ENT  T  TERMINAL  TYPE 

1  -  TTY 

2  -  TEKTRONIX  AO 14 

3  -  RAMTEK  6211 
A  -  TAB  132 /G 

IF  YOU  ARE  UNSURE  OR  YOUR  TERMINAL  TYPE  IS  NOT  LISTED,  ENTER  1 
ENTER  NUMBE., 

> 


2. 3. 1.2  TERMINAL  TYPE.  The  terminal  type  will  determine  If  the 
simulation  will  be  able  to  provide  graphic  output.  The  TTY  option  Is 
the  only  option  which  will  not  allow  graphics.  The  computer  prompt  Is 
as  follows: 


ENTER  TERMINAL  TYPE 

1  -  TTY 

2  -  TEKTRONIX  40 14 

3  -  RAMTEK  6211 

4  -  TAB  132 /G 

IF  YOU  ARE  UNSURE  OK  YOUR  TERMINAL  TYPE  IS  NOT  LISTED,  ENTER  1 
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ENTER  NUMBER 

>1 

FOR  YOUR  CONY'ENIENCE,  TUTS  SIMULATION  CONTAINS  A  SYSTEM  OF 
"PROMPTS"  WHICH  PROVIDE/REQUEST  INF'ORMATION.  THE  PROMPT  LEVEL  TS 
CURRENTLY  SET  TO  PROVIOE  THE  MAXIMUM  AMOUNT  OF  INFORMATION.  UNTIL 
YOU  BECOME  PROFICIENT  IN  THE  USE  OF  THIS  SIMULATION,  WE  RECOMMEND  NOT 
CHANGING  THE  LEVEL  OF  PROMPTING  PROVIDED. 

DO  YOU  WANT  TO  CHANGE  THE  PRO^:  T  LEVEL?  ENTER  YES(Y)  OR  NO(N) 

> 


2. 3.1. 3  PROMPT  LEVEL.  The  prompt  level  is  the  amount  of  information 
that  is  provided  when  a  prompt  is  given.  If  the  prompt  level  is 
changed,  prompts  will  be  very  short;  and  it  will  be  expected  that  the 
user  will  know  all  possible  responses.  The  computer  prompt  is  as 
follows : 


DO  YOU  WANT  TO  CHANGE  THE  PROMPT’  LEVEL?  ENTER  YES(Y)  OR  NO(N) 

>N0 

THIS  SIMULATION  HAS  THE  CAPABILITY  OF  CALCULATING  THE  TRACTIVE 
FORCE  VS  VEHICLE  SPEED  OF  AN  ENGINE  DRIVELINE  SYSTEM  AND  EVALUATING 
THE  FULL  POWER  ACCELERATION  AND  FUEL  CONSUMPTION  OF  A  VEHICLE  SYSTEM. 

THE  LIST  THAT  FOLLOWS  THIS  MESSAGE  SHOWS  THE  AVAILABLE  VEHICLES 
(WITH  THEIR  DEFAULT  ENGINES  AND  TRANSMISSIONS) 

AND  OTHER  AVAILABLE  ENGINES  AND  TRANSMISSIONS.  NOT  ALL  COMBINATIONS 
OF  ENGINES  AND  TRANSMISSIONS  ARE  POSSIBLE.  THE  ENGINES  THAT  HAVE 
BEEN  MATCHED  WITH  A  PARTICULAR  TRANSMISSION  ARE  INCLUDED  IN  THE 
TRANSMISSION  DATA.  THERE  ARE  TWO  TYPES  OF  OUTPUT  WITH  THIS  SIMULATION. 
GRAPHS  CAN  BE  GENERATED  WITH  THE  GRAPH  OPTION  AND  NUMERICAL  DATA 
IS  OUTPUT  TO  FILES.  NUMERICAL  OUTPUT  FOR  TRACTIVE  FORCE  VS  SPEED 
IS  WRITTEN  TO  THE  FILE  TRACTIVE.FORCE.DATA  AN!)  THE  FULL  POWER  ACCELERATION 
DATA,  AT  0.1  SEC  INTERVALS,  IS  WRITTEN  TO  THE  FILE  ACCEL.DATA. 

FUEL  CONSUMPTION  DATA  IN  MILES  PER  GALLON  IS  WRITTEN  ON  THE  FILE  FUEL.DATA. 
A  LIST  OF  VEHICLES,  ENGINES  AND  TRANSMISSIONS  WILL  BE  LISTED 
BY  ENTERING  A  CARRIAGE  RETURN. 

Note  that  the  letter  Y  can  be  used  in  place  of  YES  and  the  letter  N  can 
be  used  for  NO  throughout  the  simulation. 

At  this  point  the  user  should  respond  by  entering  a  carriage  return. 

Now  all  initial  Inputs  have  been  entered,  and  you  are  ready  to  utilize 
the  data  handling  and  evaluation  capabilities  of  this  simulation. 

2.3.2  CATALOGS.  At  this  (>ol  nt  in  the  simulation,  the  option  to  view  the 
AMSTA-RG  CATALOG  or  the  USER  CATALOG  of  data  is  provided  as  well  ns  the 
opportunity  to  recall  data  from  them.  The  AMSTA--RG  CATALOG  contains 
data  for  Vehlcleft,  Engines,  and  TransmiSBlons  that  has  been  compiled  by 
the  Propulsion  Systems  Division.  The  USER  CATALOG  contains  data  that  an 
individual  user  has  created  and  stored  under  the  user's  UFD  (User  File 
Directory)  where  he  executes  the  simulation.  Data  from  tin*  AMSTA-RG 
CATALOG  can  be  recalled,  but  no  user  created  data  can  be  saved  in  tlie 
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AMSTA-RG  CATALOG.  User  data  can  he  saveu  In  the  USER  CATALOG.  These 
are  files  In  the  user's  UFD  where  the  user  started  the  simulation.  The 
file  names  are  V'EHICLE.DATA,  ENGINE.DATA,  and  TRANS.DATA.  The 
simulation  will  ask  the  user  if  he  wants  to  see  the  AMSTA-RG  CATALOG  via 
the  prompt  which  follows: 


DO  YOU  WANT  TO  SEE  THE  AMSTA-RG  CATALOG  ?  YES(Y)  OR  NO(N) 
>YES 

AMSTA-RG  CATALOGED  DATA 


VEHICLE  WITH  ENGINE  AND  TRANSMISSION  ENGINES  TRANSMISSIONS 


M-60 

AVT)S-1790 

CiJ-850-6A 

RC4-350.ro 

TX-IOO-IA 

M-48 

AVDS-1790 

CD-850 

6V53 

X-1100 

M-113-ITV 

6V53 

TX-IOO-IA 

AGT-1500 

X-30OW/OTC 

M113-A1 

6V53 

TX-IOO-IA 

MTU-871HOT 

X-300 

XM-1 

AGT-1500 

X-llOO 

MTU-880CLD 

RENK-304 

M-1 

AGT-1500 

X-llOO 

RR-CV12HOT 

AMX-1000 

XM-723.TB 

RC2.350TCB 

X-300.RC2E 

GT-601 

AMX-NO.TC 

M-48.A5 

AVDS-1790 

CD-850 

'GT-601. MKI 

X-300. RC 

DIVADS 

AVDS-1790 

CD-850 

GT-601 .MIF 

CD-850-6A 

M-60. A3 

AVDS-1790 

Cn-850-6A 

ADIA.ACYL 

HMMWV.GMHY 

M-60. AX. A 

AVDS-1790 

CD-850-6A 

ADTA .  6CYT. 

X-250 

M-60. AX. B 

AVDS-1790A 

CD-850-6A 

AUIA.8CYL 

ATT-A64 

M-60. AX, C 

AVDS-1790A 

CD-850-6A 

LCR.903.8 

NP435 

LVTP7 

RC2-350.65 

X-300.RC2E 

'GT-601. 800 

H-1.62 

NONE 

NONE 

RC2.350TC 

HMMWV.GM 

HMMWV.GM62 

HMMWV;CMnY 

RC2.350TCA 

MPG.TEST 

GT-601 

X-250 

CT-601.MIB 

HSTVL 

AVCO-650 

X-300 

AVCR-1790 

RAM 

318 

NPA35 

V-903.800 

(More  Not  Shown) 

NO"  user  response  (which 

Ik  demonstrated  below)  will 

cause  the  USER 

CATALOG  to  1)1  displayed.  The  USER  CATALOG  Is  a  list  of  that  date  which 
has  been  saved  In  flies  under  the  user's  UFD. 


DO  YOU  WANT  TO  SEE  THE  AMSTA-RG  CATALOG  7  YES(Y)  OR  NO(N) 
>NO 

USER  CATALOGED  DATA 


VEHICLE  WITH  ENGINE  AND  TRANSMISSION  ENGINES  TRANSMISSIONS 


M-60 
M-1 
RAM.  1 
M-l.X 


AVDS-1790 

AGT-1500 

318 

AGT-1500 


Cn-850-6A 

X-1100 

NP435 

X-1100 


AVDS-1790 

AGT-1500 

318.1 

AGT~1 500.x 


CD-850-6A 

X-1100 

NPA35.1 

X-llOO.X 
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DO  YOU  WANT  TO  RECALL  A  VEHICLE,  ENGINE  OR  TRANSMISSION  AT  THIS  TIME 
YES(Y)OR  NO(N) 

> 

The  Blmulation  has  been  set  up  so  that  cataloged  data  can  be  recalled 
from  a  file  at  this  time.  If  data  Is  not  recalled,  the  simulation  goes 
to  the  top-level  prompt,  which  follows: 


DO  YOU  WANT  TO  RECALL  A  VEHICLE,  ENGINE  OR  TRANSMISSION  AT  THIS  TIME 
YES(Y)  OR  NO(N) 

>N0 

TOP  LEVEL  CONTROLLER;  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS) 
COMPONENT(CD)  SIMULATE(SIM)  -GRAPIKG)  OR  STOP(S) 

> 

However,  If  the  response  was  "YES**,  the  simulation  then  enters  the 
RECALL  segment.  See  the  section  pertaining  to  the  RECALL  command  for 
proper  responses.  After  data  Is  recalled  the  simulation  returns  to  the 
top-level  prompt. 

2.4  SIMULATIONS  OPERATIONS 

The  user  Is  able  to  control  the  simulation  operations  via  a  hierarchy  of 
commands.  This  structure  Is  shown  below: 

USER  COMMAND  HIERARCHY 


TOP  LEVEL  CONTROLLER  COMMANDS: 
0  COMPONENT (CD) 

0  SIMUUTE(SIM) 
o  GRAPH  (G) 
o  STOP(S) 


COMPONENT  DATA  MANAGEMENT  COMMANDS: 
o  QUERY(Q) 
o  RECALL(R) 

o  VEHICLE(V) 
o  ENGINE(E) 
o  TRANS(T) 
o  RETURN(RET) 
o  LIST(L) 


Same  options 
o  CHANGE (CH) 
Same  options 
o  SAVE(S) 

Same  options 
o  DELETE (D) 

Same  options 
o  CREATE(CR) 
Same  options 


as 

RECALL 

above 

as 

RECALL 

above 

as 

RECALL 

above 

as 

RECALL 

above 

as 

RECALL 

above 
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o  RETURN(RET) 

SIMULATION  FACILITY  CHOICES 

o  1-FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 
o  2-FULL  POWER  ACCELERATION  PERFORM/u'ICE 
o  3-FUEL  CONSUMPTION 
o  ^-RETURN 

GRAPHING  FACILITY  CHOICES 
o  1-TRACTIVE  FORCE  VS  VEHICLE  SPEED 
o  2-ACCELERATION  DISTANCE  VS  TIME 

0  3-ACCELERATION  VEHICLE  SPEED  VS  TIME 

o  4-SPROCKET  HORSEPOWER  VS  VEHICLE  SPEED 
0  5-FUEL  CONSUMPTION  IN  CONSTANT  MPG 
o  6-RETURN 

There  are  three  groups  of  comoands:  database  commands,  simulate 
commands,  and  graph  commands.  This  section  presents  all  available 
commands  as  well  as  a  brief  description  of  the  resulting  operations. 

Addl tlonall]^,  examples  of  command  usage  are  provided. 

After  the  Initial  user  Inputs  (e.g.,  baud  ratd,  terminal  type)  Itave  been 
entered,  the  simulation  will  place  the  user  at  the  "TOP  LEVEL 
CONTROLLER"  level.  From  this  level,  the  user  can  Invoke  any  of  the 
three  major  command  groups  (database,  simulate,  or  graph)  or  terminate 
simulation  execution.  The  prompt  which  Informs  the  user  that  he  Is  at 
the  TOP  LEVEL  CONTROLLER  follows: 


TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 
COMPONENT(CD)  SIMUl>TE(SIM)  GRAPH(G)  OR  STOP(S) 

> 

2.4.1  COMPONENT  DATA  COMMAND.  The  database  section  of  the  simulation 
allows  the  user  to  access  all  of  the  available  data  and  perform  various 
operations  on  It.  The  user  Is  free  tc  use  the  commands  in  any  order 
desired,  and  he  can  re-enter  them  as  well.  Each  operation  Is  listed 
with  an  explanation  of  Its  use  as  well  as  examples  of  the  computer 
Interactions.  The  database  segment  prompt  is  as  follows: 


COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 

CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

REf:ALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

> 

2. 4. 1.1  QUERY.  Tlie  QUERY  command  allows  the  user  to  display  a  list  of 
the  Vehicles,  Engines,  and  Transmissions  that  are  on  the  AMSTA-RG 
CATALOG  or  the  USER  CATALOG.  The  following  example  shows  a  query  of  the 
AMSTA-RG  CATALOG; 
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I 

COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CREATE(CR)  LIST(L)  CHANGE(Cll)  SAVE(S) 

RECALL(R)  DELFTE(D)  QUERY(Q)  RETURN(RET) 

1  >QUERY 

H  DO  YOU  WANT  TO  SEE  THE  AMSTA-RG  CATALOG  ?  YES(Y)  OR  NO(N) 

>YES 

AMSTA-RG  CATALOGED  DATA 


i 

VEHICLE  WITH 

ENGINE  AND 

TRANSMISSION 

ENGINES 

TRANSMISSIONS 

fj 

M-60 

AVDS-1790 

CD-850-6A 

RC4-350.ro 

TX-IOO-IA 

"  1 

M~48 

AVDS-1790 

CD-850 

6V53 

X-1100 

1 

M-113-ITV 

6V53 

TX-IOO-IA 

ACT-1500 

X-300W/OTC 

"  P' 

M113-A1 

6V53 

TX-IOO-IA 

MTU-871H0T 

X-300 

XM-1 

AGT-1 500 

X-1 100 

MTU-880CLD 

RENK-304 

M-1 

ACT-1500 

X-1100 

RR-CV12H0T 

AMX-1000 

,1 

XM-723.TB 

RC2.350TCB 

X-300.RC2E 

GT-601 

AMX-NO . TC 

M-A8.A5 

AV1)S-1790 

CD-850 

•GT-601 .MKI 

X-300. RC 

I 

DIVADS 

AVDS-1790 

CD-850 

err -601  .MIF 

CP-850-6A 

M-60. A3 

AVDS-1790 

CD-850-6A 

ADIA.4CYL 

hmmwv.gmhy 

I 

M-60 .AX,  A 

AVDS-1790 

CD-850-6A 

ADIA.6CYL 

X-250 

! 

M-60. AX. B 

AVDS-1790A 

CD-850-6A 

ADIA.8CY1. 

ait-464 

M-60. AX. C 

AVDS-1790A 

CD-850-6A 

LCR.903.8 

Nl‘435 

LVTP7 

RC2-350.65 

X~300.RC2K 

CT-601.800 

1 

M~1.62 

NONE 

NONE 

RC2.350TC 

■  ,;j 

HMMWV.'GM 

HMMWV.GM62 

hmmwv;gmhy 

RC2.350TCA 

1 

MPG.TEST 

GT-601 

X-250 

GT-601.MTB 

HSTVL 

AVCO-650 

X-300 

AVCR-1790 

RAM 

318 

NP435 

V-903.800 

I 

(More  Not  1 

Shown) 

< 

■  "1 
„! 

The  next  example 

shows  a  query  of  the  user's  local  data  files  (USER 

■■ 

CATALOG). 

1 

COMIONENT  DATA 

HANDLER:  ENTER  A  COMMAlW 

(OR  ABBREVIATION)  : 

■  j 

i 

CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D) 

QUERY(Q)  RRTURN(RET) 

>QIIERY 

,v 

1  DO  YOU  WANT  TO 

SEE  THE  AMSTA-RG  CATALOG 

?  YES(Y) 

OR  NO(N) 

>NO 

USER  CATALOGED  DATA 

VEHICLE  WITH 

ENGINE  AND 

TRANSMISSION 

ENGINES 

TRANSMISSIONS 

'  ‘.'f' 

M-60 

AVDS-1790 

CD-8 50-6 A 

AVDS-1790 

CD-850-6A 

,1  M-1 

AGT-1 500 

X-llOO 

AGT-1500 

X-1100 

i  RAM.l 

318 

NP435 

318.1 

NI>435. 1 

! 

i 

i 

:■■■  -i 
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COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 

CREATE (CR)  LIST(L)  CHANGE (CH)  SAVE(S) 

RECALL (R)  DELETE (D)  QUERY (Q)  RETURN (RET) 

> 

The  query  command  automatically  returns  to  the  COMPONENT  DATA  HANDLER. 

2. 4. 1.2  RECALL.  The  RECALL  command  allows  the  user  to  recall  data  from 
the  AMSTA-RG  CATALOG  or  previously  saved  data  from  his  own  USER  CATALOG. 
Only  one  copy  of  each  component  type  (Vehicle,  Engine,  and  Trananission) 
can  be  available  to  the  simulation  at  a  time.  Therefore,  the  existing 
data  for  a  component  must  be  deleted  from  the  simulation  before  other 
data  can  be  recalled. 

The  following  example  illustrates  data  being  recalled  from  a  file. 

First,  the  simulation  asks  if  the  AMSTA-RG  CATALOG  is  to  be  used.  The 
user  responds  ''YES'*;  however,  if  the  user  would  have  responded  "NO", 
his  own  USER  CATATiOG  would  have  been  used.  The  RECALL  options  ate  then 
printed.  The  user  requests  a  vehicle  be  recalled  and  is  prompted  by  the 
simulation  for  the  vehicle  name.  Next  an  engine  recall  is  requested. 

The  simulation  now  asks  the  user  if  the  default  engine  (AGT-1500)  is  to 
be  recalled.  This  is  responded  to  affirmatively  by  the  user.  Next,  a 
transmission  recall  is  requesteo  by  the  user.  Again,  a  default  one  (X- 
1100)  is  available;  and  the  simulation  asks  if  that  one  should  be 
recalled.  The  user  responds  positively. 


COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CRFyVTE(CR)  LIST(L)  CHANGE  (CH)  SAVE(S) 

RECALL (R)  DELETE(D)  QUERY (Q)  RETURN (RET) 

>RBCALL 

DO  YOU  WANT  DATA  FROM  THE  AMSTA-RG  CATALOG  YES(Y)  OR  NO(N) 

>YES 

RECAIX  ROUTINE;  FNTER  THE  ENTITY (OR  ABBREVIATION) 

VEHICLE (V)  ENGINE (E)  TRANS  (T)  RETURN (RET) 

>VEHICLE 

ENTER  THE  VEHICLE  NAME 
>M-1 

THE  VEHICLE  M-1  WAS  LOADED  FROM  IHE  FILE 

RECALL  ROUTINE:  ENTER  TOE  ENTITY (OR  ABBREVIATION) 

VEHICLE  (V)  ENGINE  (E)  TRANS  (T)  RETURN  (REl' ) 

>ENGINE 

DO  YOU  WANT  THE  VEHICLE  DEFAULT  ENGINE  LOADED  YES(Y)  OR  NO(N) 

>YES 

THE  ENGINE  AGT-1500  mS  LOADED  FROM  THE  FILE 

RFCALL  ROUTINE;  ENTER  THE  ENTITY (OR  ABBREVIATION) 

VEHICLE  (V)  ENGINE (E)  TRANS (T)  RETURN (RET) 

>T1^ANS 

DO  YOU  WANT  'LUE  VEHICLE  DEFAULT  TRANSMISSION  LOADED  YES(Y)  OR  NO(N) 
>YES 

THE  TRANSMISSION  X-1100  HAS  BEEN  LOADED 
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At  this  point t  the  desired  recalls  have  l^een  performed  so  a  "RET" 
response  is  entered  by  the  user  to  return  to  the  COMPONENT  DATA  HANDLER 
level . 


RECALL  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>RETURN 

COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

> 

2.4.1. 3  LIST.  The  LIST  option  allows  the  user  to  list  the  Vehicle, 
Engine,  or  Transmission  data  that  is  presently  avnllsble  to  the 
simulation.  The  following  example  shows  a  display  of  vehicle  data. 


COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CREATE  (CR)  LIST(L)  CHANGE  (CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

>LIST 

LIST  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  HETURN(RET) 

>VEHICLE 


VEHICLE  NAME 

■1 

M-1 

DEFAULT  ENGINE 

M 

AGT-1500 

DEFAULT  TRANSMISSION 

■1 

X~1100 

GROSS  VEHICLE  WEIGHT 

« 

120000 

LB 

PRIMARY  ROAD  ROLLING  RESISTANCE 

m 

90 

LB/TON 

SECONDARY  ROAD  ROLLING  RESISTANCE 

m 

100 

lb/ton 

CROSS  COUNTRY  ROLLING  RESISTANCE 

m 

180 

LB/TON 

FRONTAL  AREA 

- 

80 

PX**2 

AIR  DRAG  COEFFICIENT 

M 

1.300 

ACTIVE  TRACK  WEIGHT 

- 

8944 

LB 

Th4j  next  example  shows  a  display  of  engine  data. 

LIST  ROUTINE;  ENTER  THE  ENTITY(0R  ABBREVIATION) 
VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 
>ENGINE 

ENGINE  NAME  -  AGT-1500 


ENG  MAX  GROSS  HP 

■  1500 

HP 

ISTAL  LOSS  FACTOR 

-  0.967 

STD  TEMPERATURE 

-  60 

DKG  F 

ALTITUDE 

-  0 

FT 

RATED  ENG  RPM 

-  3000 

RPM 

ENG  IDLE  RPM 

-  1000 

RPM 

ENG  SPEED  FOR  SHIFT 

-  2950 

RPM 

2  0 


ENGINK  BPM  VS  CROSS  TORQUE  MATRIX 
RPM  FT-LBF  RPM  FT-LBF  RPM  FT-LBF  RPM  FT--LBF 


800  A450  1000  4300  1200  4150  1400  4000 
1500  3940  1600  3850  2000  3550  2400  3200 
2800  2790  3000  2625 

COEFF'S  TO  TEMP  AND  ALTITUDE  CORRECTION  FACTOR  CURVES 

CONSTANT  X  X**2  X**3 

TEMP  0.141861E401  -0.46512E-02  O.OOOOOOE+OO  O.OOOOOOE+OO 
ALTITUDE0.100000E401  -0.32500E-04  O.OOOOOOE+OO  O.OOOOOOE+OO 


ALTITUDE  CORRECTION  TEMPERATURE  CORRECTION 


OF 

FULL  POWER  TEMPERATURE 

100 

0 

100 

60 

97 

1000 

100 

70 

93 

2000 

100 

80 

90 

3000 

100 

90 

87 

4000 

95 

100 

84 

5000 

91 

110 

80 

6000 

86 

120 

77 

7000 

81 

130 

74 

8000 

77 

140 

71 

9000 

72 

150 

COEFFICIENTS  TO  ENGINE  TORQUE  LOSS 

CURVES 

CONSTANT 

X 

X**2 

X**3 

ACC 

O.OOOOOOE+OO 

O.OOOOOOE-fOO 

O.OOOOOOE+OO 

O.OOOOOOE-K)0 

ALT 

0.115280E-«)3  - 

0.234 15E-01  O.OOOOOOE+OO  O.OOOOOOE+OO 

ENG  FAN  O.OOOOOOE+OO 

0.145049E-02 

0.186072E-04 

0.150022E-09 

ACCESSORY 

ALTERNATOR 

ENGINE  KAN 

RPM 

TQ 

RPM 

TQ 

RPM 

TQ 

400 

0 

400 

111 

400 

1 

600 

0 

600 

106 

600 

4 

800 

0 

800 

101 

800 

8 

1000 

0 

1000 

97 

1000 

13 

1200 

0 

1200 

92 

1200 

20 

1400 

0 

1400 

87 

1400 

29 

1600 

0 

1600 

82 

1600 

39 

1800 

0 

1800 

78 

1800 

51 

2000 

0 

2000 

73 

2000 

64 

2200 

0 

2200 

68 

2200 

79 

2400 

0 

2400 

64 

2400 

95 

2600 

0 

2600 

59 

2600 

113 

2800 

0 

2800 

54 

2800 

132 

3000 

0 

3000 

50 

3000 

153 

3200 

0 

3200 

45 

3200 

176 
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FUEL  CONSUMPTION  HORSEPOWER  STEP  SIZE  IS  100 
FUEL  CONSUMPTION  SPEED  STEP  SIZE  IS  300 


ENGINE  FUEL  CONSUMPTION  MAP 


1500  1 

1.41 

1.26 

1.11 

0.96 

0.81 

0.66 

0.60 

0.56 

0 

.52 

0.50 

0.50 

1400  1 

1.30 

1.17 

1.04 

0.91 

0.78 

0.66 

0,59 

0.55 

0. 

51 

0.49 

0.48 

1300  1 

1.20 

1.09 

0.98 

0.87 

0.76 

0.65 

0.58 

0.53 

0 

.49 

0.48 

0.48 

1200  1 

1.09 

1.00 

0.91 

0.82 

0.73 

0.64 

0.57 

0.51 

0. 

49 

0.48 

0.48 

1100  1 

0.99 

0.92 

0.84 

0.77 

0.70 

0.63 

0.55 

0.51 

0 

.49 

0.48 

0.48 

1000  1 

1.06 

0.97 

0.88 

0.79 

0.71 

0.62 

0.54 

0.52 

0. 

50 

0.49 

0.49 

900  1 

1.28 

1.14 

0.99 

0.85 

0.70 

0.62 

0.56 

0.52 

0 

.51 

0.50 

0.50 

800  1 

1.30 

1.15 

1.00 

0.84 

0.69 

0.61 

0.56 

0.53 

0. 

52 

0.52 

0.52 

700  1 

1.25 

1.11 

0.97 

0.83 

0.68 

0.61 

0.58 

0.55 

0 

.54 

0.53 

0.54 

6001 

1.22 

1.09 

0.96 

0.83 

0.70 

0.63 

0.59 

0,57 

0. 

56 

0.56 

0.57 

500  1 

1.19 

1.07 

0.95 

0.84 

0.71 

0.64 

0.61 

0.59 

0 

.59 

0.59 

0.61 

400  1 

1.42 

1.24 

1.06 

0.87 

0.74 

0.67 

0.64 

0.6? 

0. 

63 

0.64 

0.67 

300  1 

2.26 

1.63 

1.00 

0.91 

0.77 

0.70 

0.69 

0.69 

0 

.70 

0.72 

0.76 

200  1 

2.08 

1.65 

1.22 

0.98 

0.83 

0.78 

0.78 

0.80 

0. 

85 

0.90 

0.95 

100  1 

1.91 

1.66 

1.44 

1.11 

1.00 

1.00 

1.14 

1.19 

1 

.28 

1.43 

1.46 

ol 

1.73 

1.68 

1.66 

1.68 

1.95 

1.95 

1.85 

2.14 

2. 

00 

2.14 

2.03 

0  300  600  900  1200  1500  1800  2100  2400  2700  3000 

ENGINE  HORSEPOWER  VS  ENGINE  RPM 

The  final  list  example  preaenta  tranemlsslon  data: 


LIST  ROUTINE:  ENTER  THE  ENTITTCOR  ABBREVIATION) 
VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 
>TRANS 

DATA  FOR  TRANSMISSION  X-1100 

WHiai  HAS  BERN  MATCHED  WITH  THE  FOLLOWING  ENGINES 


NUMBER 

ENGINE  NAME 

1 

RC4-350.ro 

2 

AGT-1500 

3 

TWIN-903.1 

4 

TWIN-903.2 

r 

TWIN-903 'S 

6 

ONE. 903.1 

7 

ONE. 903. 2 

8 

ONE. 903. 3 

9 

MTU-871HOT 

10 

AVCR-1360 

11 

MACK-E-9 

12 

TWIN-903 'S 

13 

TWIN-E-9'S 

14 

TWIN-903.1 

15 

TWIN-903.2 

16 

ONE. 903.1 

17 

ONE. 903. 2 

18 

ONE. 903. 3 

22 


19  RR~CV12H0T 

20  MTU-880H0T 

21  MTU-880CLD 

22  TO  RETURN 

ENTER  NUMBER  TO  LIST  DATA  OR  RETURN 
■2 

TRANS  NAME  -  X-llOO  HYDROKINETIC  WITH  TC-897-3B  CONVERTER 

TRANSMISSION  GEAR  SHIFT  TIME  -  0.05  SEC 

TRANSMISSION  MOMENT  OF  INERTIA  -  3.000  FT-LB"SEC**2 

DATA  FOR  AGT-1500  ENGINE 

ENGINE  TO  TRANS  GEAR  RATIO  AND  EFFICIENC- 
TRANSFER  CASE  GEAR  RATIO  AND  EFFICIENCY  - 
FINAL  DRIVE  &T5AR  RATIO  AND  EFFICIENCY 
FINAL  DRIVE  MOMENT  OF  INERTIA 
SPROCKET  PITCH  RADIUS 

NUMBER  OF  GEARS  -  4  STARTING  GEAR  -  2 


ENGINE 

SPEED 

TRANS 

SPEED 

RATIO 

TRANS 

TRANS 

GEAR 

FOR 

FOR 

GEAR 

GEAR 

MNT  OF 

GEAR 

MODE 

LOCKUP 

LOCKUP 

EFF 

RATIO 

INERTIA 

1 

1 

2900 

0.860 

0.940 

5.880 

110.00 

2 

3 

2900 

0.860 

0.940 

3.020 

25.000 

3 

3 

2900 

0.860 

0.940 

1.890 

13.000 

4 

3 

2900 

0.860 

0.950 

1.280 

10.000 

0.870  IS  THE  SPEED  RATIO  AT  WHICH  THE 
INPUT  CAPACITY  FACTOR  AND  TORQUE  RATIO 
CURVES  CHANGE 

COEFFS  TO  THE  TWO  SPEED  RATIO  VS  TORQUE  RATIO  CURVES 
CONSTANT  X  X**2  X**3 

CURVE  1  0,230000E-K)1  -0,14800E+01  0.319541E+00  -0.38609E+00 
CURVE  2  0.7172/8E+02  -0.23019E+03  0.24961 8E+03  -0.90207E+02 

COEFFS  TO  THE  TWO  SPEED  RATIO  VS  INPUT  CAPACITY  FACTOR  CURVES 
CURVE  1  0.283000E+02  0.297630E+02  -0.10040E+03  0.113204E-K)3 

CURVE  2  -0.46522.E-K)5  0.15641 2E+06  -0.1753lEf06  0.655903E+05 

COEFFS  TO  THE  TWO  SPEED  RATIO  VS  OUTPUT  CAPACITY  FACTOR  CURVES 
CURVE  1  0.572476E-02  0.497O67E-OI  -0.10521E-02  0.835641E-05 

CURVE  2  0.487245E-K)0  0.137330E-01  -0.13790E-03  0.483642E-06 

SPEED  RATIO  TORQUE  RATIO  INPUT  CAPACITY  SPEED  RATIO  OUTPUT  CAPACITY 
00  2.30  28.3  0.01 


1.000  1.000 
1.000  1.000 
4.300  0.980 

7.520  FT-L0F  SEC**2 
1.120  FT 


1 


0.40 

1.73 

31.4 

0.95 

80.0 

0.50 

1.59 

32.2 

0.97 

100.0 

0.60 

1.44 

34.5 

0.99 

120.0 

0.70 

1.29 

38.8 

1.00 

140.0 

0.80 

1.12 

45.8 

1.00 

160.0 

0.90 

0.99 

59.4 

1.00 

180.0 

1.00 

0.95 

165.9 

1.00 

200.0 

TRANSMISSION  FAN  TORQUE  LOSS  COEFFICTENTS 

O.OOOOOOE+OO  O.OCjOOOOE+OO  0  0  OOOOOOE-K)0  O.OOOOOOE-K)0 
COEFFICIENTS  FOR  TRANS  INPUT  TORQUE  LOSS  CURVE 
CONVERTER 

0.388960E+02  0.355505E-01  -0.10646E-05  O.OOOOOOE+OO 

LOCKUP 

0.38G960E+02  0.355505E-01  -0.10646E-05  O.OOOOOOE+OO 


RPM 

TRANS  FAN  1 

0 

0.0 

200 

0.0 

400 

0.0 

600 

0.0 

800 

0.0 

1000 

0.0 

1200 

0.0 

1400 

0.0 

1600 

0.0 

1800 

0.0 

2000 

0.0 

2200 

0.0 

2400 

0.0 

2600 

0.0 

2800 

0.0 

3000 

0.0 

INPUT  LOSS  CONV 

38.9 
46.0 

52.9 
59.8 

66.7 

73.4 
80.0 
86.6 

93.1 

99.4 

105.7 

112.0 

118.1 

124.1 

130.1 
136.0 


INPUT  LOSS  LOCKUP 

38.9 
46.0 

52.9 
59.8 

66.7 

73.4 
80.0 
86.6 

93.1 

99.4 

105.7 

112.0 

118.1 

124.1 

130.1 
136.0 


COEFFICIENTS  FOR  TRANS  OUTPUT  TORQUE  LOSS  CURVE 

GEAR 

CONSTANT 

X 

X**2 

X**3 

1 

0.370579E+02 

0.327095E-01 

0. 

114288E-05 

0.280044E-09 

2 

0.489163E+02 

0.400539E-01 

-0 

.15701E-04 

0.455355E-08 

3 

0.818664E+02 

0.256677E-01 

-0 

.19742E-04 

O.630666E-O8 

4 

0.970775E+02 

0.977782E-02 

-0 

.17140E-05 

0.426055E-08 

TRANSMISSION  OUTPUT  TORQUE  LOSS 

RPM 

GEAR  1  GEAR  2  GEAR  3  GEAR  4 

GEAR  5  GEAR 

1  6 

0 

37 

49  82 

97 

0 

0 

200 

44 

56  86 

99 

0 

0 

400 

50 

63  89 

101 

0 

0 

600 

57 

68  92 

103 

0 

0 

800 

64 

73  93 

106 

0 

0 

1000 

71 

78  94 

109 

0 

0 

1200 

78 

82  95 

114 

0 

0 

1400 

86 

87  96 

119 

0 

0 

24 


1600 

93 

91 

98 

126 

0 

0 

1800 

101 

97 

101 

134 

0 

0 

2000 

109 

103 

105 

144 

0 

0 

2200 

118 

110 

110 

156 

0 

0 

2400 

126 

118 

117 

170 

0 

0 

2600 

135 

127 

126 

186 

0 

0 

2800 

144 

138 

137 

205 

0 

0 

3000 

153 

151 

151 

226 

0 

0 

TRANSMISSION  SHIFT  SCENARIO 

GEAR  2  CONVERTER 

GEAR  2  LOCKUP 
GEAR  3  LOCKUP 
GEAR  4  LOCKUP 

TRANSMISSION ‘GEAR  SHIFT  VALUES 

GEAR 

2  CONV 

2 

LU 

3  LU 

4 

LU 

HP  SPEED 

HP 

SPEED 

HP  SPEED 

HP 

SPEED 

0.0  7 

0.0 

12 

0.0  19 

0.0 

45 

275  / 

175 

12 

175  19 

950 

45 

950  11 

700 

18 

700  28 

950 

45 

950  11 

1025 

18 

1000  28 

950 

45 

At  this  point  you  are  given  an  opportunity  to  continue  listing 
components  or  to  return  to  the  COMPONENT  DATA  HANDLER.  The  example 
below  illustratea  a  "RETURN"  user  response. 

list  ROUTINE;  ENTER  THE  ENTITY(0R  ABBREVIATION) 

VEHICLE (V)  ENGINE(E)  TRANS (T)  RETURN (RET) 

>RETURN 

COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  qUERV(Q)  RETURN(RET) 

> 


2. 4. 1.4  CHANGE.  The  CHANGE  command  allows  the  user  to  change  the  values 
of  the  Vehicle,  EnglnA,  or  TransmlBsion  data.  Most,  but  not  all,  values 
are  changeable.  \n  with  the  other  database  commands,  the  user  must 
specify  which  com,Aincnt  he  wants  to  change  (l.e..  Vehicle,  EnglnA,  or 
Transmission).  A  menu  of  changeable  data  values  for  the  specified 
component  is  displayed  at  this  point.  The  user  is  then  prompted  for  the 
number  which  corresponds  to  the  value  to  be  changed.  The  current  data 
value  is  furnished  by  the  simulation;  tlie  simulation  then  prompts  for 
the  new  data  valu^,  which  la  also  displayed.  The  user  will  be  allowed 
to  change  as  many  component  data  values  as  desired.  When  all  changes 
for  that  component  have  been  accomplished,  the  number  wliich  corresponds 
to  the  "RETURN"  should  be  entered  by  the  user.  For  a  description  of  any 
data  item  see  Section  3. 

The  following  example  deplcta  changing  tlie  vehicle's  grosa  weight  value: 
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CHANGE  R0UT7NE:  ENTER  THE  ENTITY  (OR  ABBREVIATION) 

VEHICLE  (V)  ENGINE  (E)  TRANS  (T)  RETURN  (RET) 

>VEHICLE 

FOLLOWING  IS  A  LIST  OF  CHANGEABLE  VEHICLE  ATTRIBUTES; 

1  -  VEHICLE  NAME 

2  »  DEFAULT  ENGINE 

3  -  DEFAULT  TRANSMISSION 

4  -  GROSS  VEHICLE  WEIGHT  (LB) 

5  -  ACTIVE  TRACK  WEIGHT  (LBM) 

6  -  PRIMARY  ROAD  ROLLING  RESISTANCE  (LBF/TON) 

7  «  SECONDARY  ROAD  ROLLING  RESISTANCE  (LBF/TON) 

8  -  CROSS  COUNTRY  ROLLING  RESISTANCE  (LBF/TON) 

9  -  FRONTAL  AREA  (FT**2) 

10  -  AIR  DRAG  COEFFICIENT  (REAL) 

11  -  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 
>4 

PRESENT  GROSS  VEHICLE  WEIGHT  IS  120000 
ENTER  NEW  GROSS  VEHICLE  WEIGHT  (LB  INTEGER) 

>124000 

NEW -GROSS  VEHICLE  WEIGHT  IS  124000 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 
>11 

The  next  example  reflects  a  change  to  the  engloe''s  Installation  loss 
factor: 

CHANGE  ROUTINE;  ENTER  THE  ENTITY  (OR  ABBREVIATION) 

VEHICLE  (V)  ENGINE  (E)  TRANS  (T)  RETURN  (RET) 

>ENGINE 

FOLLOWING  IS  A  LIST  OF  THE  CHANGEABLE  ENGINE  ATTRIBUTES: 

1  -  ENGINE  NAME 

2  -  ENGINE  MAXIMUM  GROSS  HORSEPOWER 

3  -  INSTALIJITION  LOSS  FACTOR 

4  -  STANDARD  TEMPERATURE 

5  -  STANDARD  ALTITUDE 

6  -  RATED  ENGINE  RPM 

7  «■  ENGINE  IDLE  RPM 

8  -  ENGINE  SPEED  FOR  SHIFT 

9  -  NUMBER  OF  RPM  VS  TORQUE  OR  HORSEPOWER  VALUES 

ENGINE  RPM  VS  GROSS  TORQUE  OR  HORSEPOWER 

10  «■  ACCESSORY  POWER  LOSS 

11  -  ALTERNATOR  POWER  LOSS 

12  -  ENGINE  FAN  POWER  LOSS 

13  “  TEMPERATURE  LOSS  FACTOR 

14  -  ALTITUDE  LOSS  FACTOR 

13  •«  ENGINE  FUEL  CONSUMPTION  MAP 
16  “  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 


2  6 


>3 

PREfJENT  INSTALLATION  LOSS  FACTOR  IS  0.97 

ENTER  NEW  INSTALLATION  LOSS  FACTOR  (REAL) 

>.95 

INSTALUTION  LOSS  FACTOR  IS  NOW  0.95 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 
>16 

The  final  example  Illustrates  several  changes  to  the  transmission  data. 
First,  the  transmission  gear  shift  time  Is  changed.  Next,  the  list  o£ 
engines  compatible  with  the  transmission  Is  requested  by  the  user  and 
printed  by  the  simulation.  The  simulation  then  asks  If  a  compatible 
engine  Is  to  be  changed.  The  user  responds  affirmatively.  After  this  a 
menu  of  changeable  transmission  engine-dependent  values  is  printed;  and 
the  user  Is  prompted  for  the  number  of  the  value  to  be  changed.  The 
user  specifies  a  change  to  the  sprocket  pitch  radius.  This  change  is 
accomplished,  and  the  user  is  prompted  for  the  next  transmission  engine- 
dependent  value  change.  There  arc  nond,  so  the  user  enters  the  number 
corresponding  to  the  "RETURN"  command  (In  this  case  22),  which  returns 
him  to  the  level  where  additional  transmission  values  can  be  chang  d. 

No  updates  arc  desired;  thereford,  the  number  corresponding  to  the 
"RETURN" (In  this  case  6)  la  entered. 

CHANGE  ROUTINE;  ENTER  THE  ENTITY  (OR  ABBREVIATION) 

VEHICLE  (V)  ENGINE  (E)  TRANS  (T)  RETURN  (RET) 

>TRANS 

FOLLOWING  IS  A  LIST  OF  CHANGEABLE  TRANSMISSION  ATTRIBUTES; 

1  -  TRANSMISSION  NAME 

2  -  TRANSMISSION  GEAR  SHIFT  TIME 

3  -  TRANSMISSION  MOMENT  OF  INERTIA 

A  -  LIST  THE  COMPATIBLE  ENGINES 

5  -  CREATE  A  NEW  ENGINE  FROM  AN  EXISTING  ONE 

6  -  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>2 

PRESENT  TRANSMISSION  GEAR  SHIFT  TIME  IS  0.050 
ENTER  NEW  TRANSMISSION ' GEAR  SHIFT  TIME 
>.2 

TRANSMISSION  GEAR  SHIFT  TIME  IS  NOW  0.200 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>4 


ENGINE 

1 

Rg4-350.ro 

ENGINE 

2 

AGT-1500 

ENGINE 

3 

TWIN-903.1 

ENGINE 

4 

TWIN-903. 2 

ENGINE 

5 

TWIN-903 'S 

ENGINE 

6 

ONE. 903.1 

ENGINE 

7 

ONE. 903. 2 

ENGINE 

8 

ONE. 903. 3 

ENGINE 

9 

MTU-871HOT 

ENGINE 

10 

AVCR-1360 
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ENGINE 

11 

MACK-E-9 

ENGINE 

12 

T’WIN-903'S 

ENGINE 

13 

TWIN-E-9'S 

KIjGINE 

14 

TWIN-903.1 

ENGINE 

Lb 

TW)N-903.2 

ENGINE 

16 

ONE. 903.1 

ENGINE 

17 

ONE. 903. 2 

ENGINE 

18 

ONE. 903. 3 

ENGINE 

19 

RR-CV12H0T 

ENGINE 

20 

MTIJ-SSOHOT 

ENGINE 

21 

MTU-880CLD 

IS  A  COMPATIBLE 

ENGINE  TO  BE 

CHANCED  YES(Y)  OR  NO(N) 

>YES 

ENTER  NUMBER 

OF 

ENGINE  TO  BE 

CHANGED 

>2 

TOii  FOLLOWING  IS  A  LIST  OF  CHANGEABLE  TRANSMISSION  ENGINE  DEPENDENT  ATTRIBUTES; 

1  -  DEPENDENT  ENGINE  NAME 

2  -  CONVERTER  DESIGNATION 

3  -  ENGINE  TO  TRANSMISSION  GEAR  RATIO  AND  EFFICIENCY 

4  «  TRANSFER  CASE  GEAR  RATIO  AND  EFFICIENCY 

5  -  STARTING  GEAR 

6  -  TRANSMISSION  FAN  TORQUE  LOSS  CURVE  COEFFICIENTS 

7  "  FINAL  DRIVE  GEAR  RATIO  AND  EFFICIENCY 

8  -  SPROCKET  PITCH  RADIUS 

9  -  FINAL  DRIVE  MOMENT  OF  INERTIA 

10  -  SPEED  RATIO  VS  TORQUE  RATIO  CURVE  COEFFICIENTS 

11  "  SPEED  RATIO  VS  INPUT  CAPACITY  FACTOR  CURVE  COEFFICIENTS 

12  -  OUTPUT  CAPACITY  FACTOR  VS  SPEED  RATIO  CURVE  COEFFICIENTS 

13  -  ENGINE  SPEED  FOR  LOCKUP 

14  -  SPEED  RATIO  FOR  LOCKUP 

15  -  TRANSMISSION  GEAR  RATIO  AND  EFFICIENCY 

16  -  TRANSMISSION  GEAR  MOMENT  OF  INERTIA 

17  -  TRANSMISSION 'GEAR  MODE 

18  -  TRANSMISSION  INPUT  TORQUE  LOSS  CURVE  COEFFICIENTS 

19  -  TRANSMISSION  OUTPUT  TORQUE  LOSS  CURVE  COEFFICIENTS 

20  -  TRANSMISSION  SHIFT  SCENARIO  DATA 

21  -  NUMBER  OF  GEARS 

22  -  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>8 

PRESENT  SPROCKET  RADIUS  IS  1.120  FT 

ENTER  NEW  SPROCKET  RADIUS  (FT  REAL) 

>1.30 

NEW  SPROCKET  RADIUS  IS  1.300  FT 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>22 

FOLLOWING  IS  A  LIST  OF  CHANGEABLE  TRANSMISSION  ATTRIBUTES; 

1  -  TRANSMISSION  NAME 

2  -  TRANSMISSION  GEAR  SHIFT  TIME 

3  -  TRANSMISSION  MOMENT  OF  INERTIA 

4  “  LIST  THE  COMPATIBLE  ENGINES 
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5  -  CREATE  A  NEW  ENGINE  FROM  AN  EXISTING  ONE 

6  -  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>6 

At  this  point,  the  user  can  continue  making  component  changes.  No 
changes  are  desired  by  the  uaef,  so  a  "RETURN”  response  Is  entered. 

CHANGE  ROUTINE:  ENTER  THE  ENTITY  (OR  ABBREVIATION) 

VEHICLE  (V)  ENGINE  (E)  TRANS  (T)  RETURN  (RET) 

>RETURN 

COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 

CREATE (CR)  LIST(L)  CHANGE (CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

> 

2.4. 1.5  SAVE.  The  SAVE  command  allows  the  user  to  save  Vehicle,  Engine 
and  Transmission  data  that  he  has  created  or  changed,  on  his  local  flies 
(USER  CATALOG).  This  data  can  then  be  recalled  during  subsequent 
simulation  sessions.  When  saving  Vehicle,  EnglnA,  or  Transmission  data, 
the  name  must  be  different  than  any  name  that  is  presently  In  the 
catalog.  The  simulation  will  check  the  name  and  tell  the  user  if  there 
is  an  item  on  the  data  files  with  the  same  name.  If  this  happenA,  the 
CHANGE  command  should  be  used  to  enter  a  new,  unique  name.  The  date  can 
then  be  aaved.  The  following  example  shows  a  user  invoking  the  save 
command.  Next,  the  current  vehicle  is  saved;  then  the  engine  Is  saved. 
Finally,  the  transmission  Is  saved. 


COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (.0.^  ABBREVIATION)  : 

CREATE (CR)  LIST(L)  CHANGE (CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

>SAVE 

SAVE  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>VEHICLE 

THE  VEHICLE  CALLED  M-1  HAS  BEEN  SAVED  ON  FILE 

SAVE  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHT.CLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>ENG1NE 

THE  ENGINE  CALLED  ACT -1500  HAS  BEEN  SAVED  ON  FILE 
SAVE  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(F,)  TRANS  (T)  RETURN  (RET) 

^TRAmS 

THE  TRANSMISSION  CALLED  X-llOO  HAS  BEEN  SAVED  ON  FILE 

When  all  desired  data  has  been  saved,  a  "RETURN”  response  should  he 
entered  by  the  user.  This  Is  Illustrated  below. 

save  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 
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VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>RETURN 

COMPONENT  DATA  HANDLER;  ENTER  A  COMMAND  (OR  ABBREVIATION)  ; 
CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN<RET) 


2. 4. 1.6  DELETE.  The  DELETE  command  allows  the  user  to  delete  the 
current  Vehicle,  Engine,  or  Transmission  data  that  Is  available  to  the 
simulation  so  that  other  data  can  be  recalled  or  new  data  can  be 
created.  No  data  can  be  permanently  deleted  once  It  la  In  the  AMSTA^'RG 
CATALOG  or  has  been  saved  on  your  local  files  (USER  CATALOG);  It  is 
only  deleted  as  the  current  data  available  to  the  simulation.  The 
following  example  shows  all  three  PS*’’'2  components  being  deleted: 


DELETE  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>VEHICLE 
VEHICLE  DELETED 

DELETE  ROUTINE:  ENTER  THE  ENTITY (OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>ENGINE 

ENGINE  DELETED 

DELETE  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VE'.H1CLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>TRANS 

TRANS  DELETED 

At  this  point,  all  deletion  requests  wer^^  made  by  the  user;  therefore, 
the  "RETURN"  command  Is  entered. 


DELETE  ROUTINE:  ENTER  THE  ENTITY (OR  ABBREVIATION) 
VEHICLE(V)  ENGrNE(E)  TRANS(T)  RETURN(RET) 

>RETURN 

COMPONENT  DATA  HANDLER:  ENTER  A  COMM.\ND  (OR  ABBREVIATION)  ; 
CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 


2.4. 1.7  CREATE.  The  CREATE  command  allows  the  user  to  Interactively 
enter  the  data  which  describes  a  new  Vehicle,  Engine,  or  Transmission. 
See  Section  3  for  a  description  of  each  of  the  data  Items.  Following  is 
an  example  of  a  vehicle  being  created: 


COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUi:RY(Q)  RETURN(RET) 

>CREATE 


30 


CREATE  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>VEHICLE 

ENTER  THE  VEHICLE  NAME  «ll  CHARACTERS) 

>M-1 

ENTER  DEFAULT  ENGINE  (<11  CHARACTERS)  (NAME  MUST  EXIST  IN  ENGINE  FILE) 
>AGT-1500 

ENTER  DEFAULT  TRANSMISSION  (<11  CHARACTERS) 

(NAME  MUST  EXIST  IN  TRANSMISSION  FILE) 

>X-1100 

ENTER  GROSS  VEHICLE  WEIGHT  (KG  INTEGER) 

>120000 

ENTER  ACTIVE  TRACK  WEIGHT  (LBM  INTEGER) 

>8944 

ENTER  PRIMARY  ROAD  ROLLING  RESISTANCE  (LBF/TON  INTEGER) 

>90 

ENTER  SECONDARY  ROAD  ROLLING  RESISTANCE  (LBF/TON  INTEGER) 

>100 

ENTER  CROSS  COUNTRY  ROLLING  RESISTANCE  (LBF/TON  INTEGER) 

>180 

ENTER  FRONTAL  AREA  (FT**2  INTEGER) 

>80 

ENTER  AIR  DRAG  COEFFICIENT  (REAL) 

TRACK  VEHICLES  HAVE  A  COEFFICIENT  OF  ABOUT  1.3 
>1.3 


The  following  example  demonstrates  the  creation  of  an  engine; 

CREATE  ROUTINE;  ENTER  THE  ENTITY(0R  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

> ENGINE 

ENTER  THE  ENGINE  NAME  (<11  CHARACTERS) 

>AGT-1500 

ENTER  THE  ENGINE  MAXIMUM  GROSS  HORSEPOWER  (INTEGER) 

>1500 

ENTER  THE  INSTALLATION  LOSS  FACT0R(<-1  REAL) 

>.967 

ENTER  THE  DEFAULT  TEMPERATURE  (DEC  F  INTEGER) 

>60 

ENTER  THE  DEFAULT  ALTITUDE  (FT  ABOVE  SEA  LEVEL  INTEGER) 

>0 

ENTER  THE  RATED  ENGINE  RPM( INTEGER) 

>3000 

ENTER  THE  ENGINE  IDLE  RPM  (INTEGER) 

>1000 

ENTER  THE  ENGINE  SPEED  FOR  SHIFT  (INTEGER) 

>2950 

ENTER  NUMBER  OF  PAIRS  OF  RPM  VS  TORQUE  VALUES (INTEGER) 

>10 

ENTER  (RPM  TORQUE)  SEPARATED  BY  A  SPACE  (INTEGER) 

FOR  PAIR  NUMBER  1 
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>800  4450 

FOR  PAIR  NUMBER  2 
>1000  4300 

FOR  PAIR  NUMBER  3 
>1200  4150 

FOR  PAIR  NUMBER  4 
>1400  4000 

FOR  PAIR  NUMBER  5 
>1500  3940 

FOR  PAIR  NUilBER  6 
>1600  3850 

FOR  PAIR  NUMBER  7 
>2000  3550 

FOR  PAIR  NUMBER  8 
>2400  3200 

FOR  PAIR  NUMBER  9 
>2800  2790 

FOR  PAIR  NUMBER  10 
>3000  2625 

See  Appendix  E  on  the  method  for  calculating  the  coefficients  for  the 
following  items.  These  Items  require  date  in  the  form  of  horsepower  or 
torque  loss  vs  englvf  speed. 

ENTER  THE  ACCESSORY  TORQUE  LOSS  CURVE  COEFFICIE!^TS(REAL) 

>0.  0.  0.  0.  0. 

ENTER  THE  ALTERNATOR  HORSEPOWER  LOSS  AT  RATED  RPM  (INTEGER) 

>27 

ENTER  THE  ENGINE  FAN  HORSEPOWER  LOSS  AT  RATED  RPM  (INTEGER) 

>100 

If  no  data  Is  available  that  shows  the  effect  of  temperature  and 
altitude  on  engine  performance  then  a  one  (1)  must  be  entered  for  the 
first  value  and -zeros  (0)  for  the  other  three  values  of  the  TEMPERATURE 
LOSS  FACTOR  and  the  ALTITUDE  LOSS  FACTOR. 

ENTER  THE  TEMP15RATURE  LOSS  FACTOR  CURVE  COEFFICIENTS  (REAL) 

>.l4l861E+00  -.46512E-02  0.  0. 

ENTER  THE  ALTITUDE  LOSS  FACTOR  CURVE  CORFFICIENTS(REAL) 

>.1E+01.+  ~.32500E-04  0.  0. 

DO  YOU  HAVE  ENGINE  FUEL  MAP  DATA?  (YES  OR  NO) 

>N0 

If  there  Is  a  data  file  with  fuel  consumption  data  and  It  was  produced 
by  the  Fuel  Map  Program,  the  data  can  be  read  off  the  file 
FUEL.MAP.OUT.DATA.  (See  APPENDIX  F  on  the  use  of  the  Fuel  Map  Program.) 
Following  la  an  example  of  specifying  that  fuel  consumption  data  should 
be  read  from  a  file: 


DO  YOU  HAVE  ENGINE  FUEL  MAP  DATA?  (YES  OR  NO) 
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>YES 

IS  THE  FUEL  DATA  TO  BE  READ  IN  FROM  A  FILE  YES(Y)  OR  NO(N) 

>YES 

Fuel  consumption  data  can  also  be  entered  individually.  Following  Is  an 
example  of  this: 


DO  YOU  HAVE  ENGINE  FUEL  MAP  DATA?  (YES  OR  NO) 

>YES 

IS  THE  FUEL  DATA  TO  BE  READ  IN  FROM  A  FILE  YES(Y)  OR  NO(N) 

>N0 

ENTER  THE  SPEED  STEP  SIZE  FOR  FUEL  CONSUMPTION  (INTEGER) 

>300 

ENTER  THE  HORSEPOWER  STEP  SIZE  FOR  FUEL  CONSUMPTION  (INTEGER) 

>100 

ENTER  THE  NUMBER  OF  SPEED  POINTS  IN  THE  FUEL  CONSUMPTION  TABLE  (INTEGER) 
INCLUDING  ZERO 
>11 

ENTER  NUMBER  OF  HORSEPOWER  POINTS  IN  FUEL  CONSUMPTION  TABLE  (INTEGER) 
INCLUDING  ZERO 
>16 

ENTER  SPEED(INTEGER),  HORSEPOWER( INTEGER)  AND  FUEL  CONSUMPTION  (REAL) 

FOR  THE  ENGINE  FUEL  CONSUMPTION  MAP 
TO  END  INPUT  ENTER  ALL  ZEROS  (0) 

ENTER  DATA 
>0  0  1.733 
ENTER  DATA 
>300  100  1.664 
ENTER  DATA 
>600  200  1.219 
ENTER  DATA 
>900  300  .912 
ENTER  DATA 
>0  0  0 


The  next  example  shown  a  transmission  being  created: 

CREATE  ROUTINE:  ENTER  THE  ENT1TY(0R  ABBREVIATION) 
VEniCLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>TRANS 

ENTER  THE  TRANS  NAME  (<11  CHARACTERS) 

>X-1100 

ENTER  NUMBER  OF  TRANSMISSION  TYPE-THE  TYPES  AVAILABLE  ARE 

1  *  HYDROKINETIC  WITH  OR  WITHOUT  LOCKUP 

2  »  MECHANICAL 

>1 

ENTER  GEAR  SHIFT  TIME  (SEC  REAL) 

>.05 

ENTER  TRANSMISSION  MOMENT  OF  INERTIA  (REAL  FT-LBF-.SEC**2 ) 
>3. 
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WHAT  IS  THE  NAME  CF  THE  ENGINE  MATCHEU)  TO  THIS  TRANSMISSION 
(<11  CH’-RACTERS  A^ro  MOST  EXIST  IN  ENGINE  FILE) 

>AGT-1500 

WHAT  IS  IT'S  CONVERTER  DESIGNATION (<11  CHARACTERS) 

>TC~897-3B 

If  there  is  no  Engine  to  Transmission  gear  or  Transfer  Case  gear  then 
the  gear  ratio  and  efficiency  are  one  (1) , 

ENTER  THE  ENGINE  TO  TRANS  GEAR  RATIO  (REAL) 

>1. 

ENTER  THE  ENGINE  TO  TRANS  GEAR  EFFICIENCY  (RFAL) 

>1. 

ENTER  IHE  TRANSFER  CASE  GEAR  RATIO  (RI7\L) 

>1. 

ENTER  THE  TRANSFER  CASE  GEAR  EFFICIENCY  (REAL) 

>1. 

The  Final  Drive  gear  is  also  the  ratio  of  the  Differential  in  normal 
automotive  applications. 

ENTER  THE  FINAL  DRIVE  GEAR  RATIO  (REAL) 

>4.3 

ENTER  THE  FINAL  DRIVE  GEAR  EFFICIENCY  (REAL) 

>.98 

ENTER  THE  FINAL  DRIVE  MOMENT  OF  INERTIA  (FT-LBF/SEC**2  REAL) 

>7.52 

ENTER  THE  SPROCKET  RADIUS  (FT  HEAL) 

>1.12 

ENTER  THE  NUMBER  OF  TRANSMISSION  GEARS  FOR  THIS  ENGINE 
>4 

ENTER  THE  STARTING  GEAR  (INTEGER) 

>2 

The  following  three  items  are  torque  converter  characteristics  which 
in  most  cases  cannot  be  described  by  only  1  curve.  Therefore  the  data 
is  divided  into  2  parts  and  a  curve  is  fitted  to  both  parts.  See 
Appendix  E  on  the  use  of  GRAFTEK,  the  curve  fitting  program.  These 
curves  are  usually  divided  at  a  speed  ratio  of  from  .8  to  .9.  Several 
trials  are  usually  needed  to  find  the  lx;st  point  to  divide  this  data. 

The  first  four  data  fx^ints  represent  the  curve  from  0  speed  ratio  to  the 
change  point. 


ENTER  SPEED  RATIO  WHERE  INPUT  CAPACITY  FACTOR  AND  TORQUE  RATIO 
CURVES  CHANGE  (REAL) 

>.87 

ENTER  THE  8  'OEFFICIENTS  (RFAL)  FOR  SPEED  RATIO  VS  TORQUE  IWTIO 
>.23E+1  -.148E+1  .31954iE+0  -.38609E+0 
>.7l7278E+2  -.23019E+3  .249618E+3  -.90207E+2 
ENTER  TOE  8  COEFFICIENTS  (REAL)  FOR  SPEED  RATIO  VS  INPUT  CAPACI'l'Y  FACTOR 
>.283E+2  297630E+2  -.1004E+3  .113204E+3 


>-.A6522E+5  .156412E+6  -.17531E-K)  .655903E+5 
ENTER  THE  8  COEFFICIENTS  (REAL)  FOR  OUTPUT  CAPACITY  FACTOR  VS  SPEED  RATIO 
>.572476E-2  .497067E-1  -.10521E-2  .835641E-05 
>.487245E-H)  .13733E-1  -.1379E-3  .483642E-6 

The  follov;lng  Items  which  refer  to  Input  and  output  losses  for  the 
transmission  require  data  which  showes  torque  loss  vs  transmission  Input 
speed.  GRAFTEK  is  then  used  to  fit  curves  to  this  data  (See  Appendix 
E).  If  there  Is  no  data  enter  0  for  all  the  coefficients. 

ENTER  THE  TRANS  FAN  TORQUE  LOSS  CURVE  COEFFICIENTS  (REAL) 

>0.  0.  0.  0. 

ENTER  4  COEFFICIENTS  (REAL)  FOR  TRANS  INPUT  TORQUE  LOSS  CURVE-CONVERTER 
>.38896E+2  .355505E-1  -.10646E-5  0. 

ENTER  4  COEFFICIENTS  (REAL)  FOR  TRANS  INPUT  TORQUE  LOSS  CURVE-LOCKUP 
>.38896e+2  .355505E-1  -.10646E-5  0. 

FOR  GEAR  1  ENTER  THE  4  COEFFICIENTS  (REAL) 

FOR  THE  TRANS  OUTPUT  TORQUE  LOSS 
>.370579E+2  .327095E-1  .114288E-5  .280044E-9 
FOR  GEAR  2  ENTER  THE  4  COEFFICIENTS  (REAL) 

FOR  THE  TRANS  OUTPUT  TORQUE  LOSS 
>.489163E+2  .400539E~1  -.15701E-4  .455355E-8 
FOR  GEAR  3  ENTER  THE  4  COEFFICIENTS  (REAL) 

FOR  THE  TRANS  OUTPUT  TORQUE  LOSS 
>.818664E+2  ,256677E-1  -.19742E-4  .630666E-8 
FOR  GEAR  4  ENTER  THE  4  COEFFICIENTS  (REAL) 

FOR  THE  TRANS  OUTPUT  TORQUE  LOSS 
>.970775E+2  .977782E-2  -.17140E-5  .426055E-8 
ENTER  THE  TRANSMISSION  GEAR  MODE  FOR  EACH  GEAR  (INTEGER) 

(CONVERTER  ONLY-1,  LOCKUP  ONLY-2  OR  BOTH-3) 

FOR  GEAR  I 

>1 

FOR  GEAR  2 
>3 

FOR  GEAR  3 
>3 

FOR  GEAR  4 
>3 

ENTER  THE  CONVERTER  SPEED  RATIO  FOR  LOCKUP  FOR  EACH  GEAR  (REAL) 

FOR  GEAR  1 

>.86 

FOR  GEAR  2 

>.86 

FOR  GEAR  3 

>.86 

FOR  GEAR  4 

>.86 

ENTER  THE  TRANSMISSION  GEAF  RATIO  FOR  EACH  GEAR  (REAL) 

FOR  GEAR  1 
>5.88 

FOR  GEAR  2 
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>3.02 

FOR  GEAR  3 
>1.89 

FOR  GEAR  4 
>1.28 

ENTER  THE  TRANSMISSION  GEAR  EFFICIENCY  FOR  EACH  GEAR  (REAL) 

FOR  GEAR  1 
>.94 

FOR  GEAR  2 
>.94 

FOR  GEAR  3 
>.94 

FOR  GEAR  4 
>.95 

ENTER  THE  TRANSMISSION  GEAR  MOMENT  OF  INERTIA  FOR  EACH  GEAR  (REAL) 

FOR  GEAR  1 

>110. 

FOR  GEAR  2 
>25. 

FOR  GEAR  3 
>13. 

FOR  GEAR  4 

>10. 

The  TRANSMISSION  SHIFT  SCEN.ARIO  is  the  normal  sequence  that  the 
transmission  will  use  during  acceleration. 

ENTER  TRANSMISSION  SHIFT  SCENARIO  FOR  EACH  GEAR  CONDITION 

A  1  INCLUDES  THE  CONDITION,  A  0  EXCLUDES  THE  CONDITION 

FOR  GEAR  ICONVERTER  AND  LOCKUP 

>0  0 

FOR  GEAR  2C0NVERTER  AND  LOCKUP 

>1  1 

FOR  GEAR  3C0NVERTER  AND  LOCKUP 

>0  1 

FOR  GEAR  4C0NVERTER  AND  LOCKUP 
X)  1 

This  data  is  required  only  for  those  gear  condltlouH  in  the  shift 
scenario  all  oter  data  is  0. 

ENTER  4  TRANSMISSION  SHIFT  LINE  HORSEPOWER  AND  VEHICLE  SPEED  POINTS 

ONLY  FOR  THOSE  CONDITIONS  IN  THE  SCENARIO 

ENTER  THE  4  PAIRS  OF  HORSEPOWER  AND  SPEED  VALUES  FOR  GEAR  1  CONVERTER 
>00000000 

ENTER  THE  4  PAIRS  OF  HORSEPOWER  AND  SPEED  VALUES  FOR  GEAR  I  LOCKUP 
>0  0000000 

ENTER  THE  4  PAIRS  OF  HORSEPOWER  AND  Si'EED  VALUES  FOR  GEAR  2  CONVERTER 
>0  6.5  275  6.5  950  10.5  950  10.5 

ENTER  THE  4  PAIRS  OF  HORSEPOWER  AND  SPEED  VALUES  FOR  GEAR  2  LOCKUP 
>0  12  175  12  700  18  1000  18 


ENTER  THE  4  PAIRS  OF  HORSEPOWER  AI-TO  SPEED  VALUES  l  f)K  GEAR  .!  CONVERTER 
>0  0000000 

ENTER  THE  4  PAIRS  OF  HORSEPOWER  AND  SPEED  VALUES  FO  I  GEAR  3  !,OCKUP 
>0  19  175  19  700  28  1000  28 

ENTER  THE  4  PAIRS  OF  HORSEPOWER  AND  SPEED  VALUES  FC«  GEAR  ''i  CONVERTER 
>0  0000000 

ENTER  THE  4  PAIRS  OF  HORSEPOWER  AND  SPEED  VALUES  FC-l';  GEAR  4  LOCKUP 
>0  45  950  45  950  45  950  45 


When  you  have  completed  creating  the  desired  components,  a  'RETURN"  or 
"RET"  should  be  entered.  Ibis  will  return  you  to  the  COMPONENT  DATA 
HANDLER  level. 

CREATE  ROUTINE:  ENTER  THE  ENTITY (OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  FETURN(RET) 

>RETURN 

COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

> 


2. 4. 1.8  RETURN.  The  RETURN  command  transfers  simulation  control  to  the 
next  higher  level.  In  other  words.  It  causes  the  simulation  to 
terminate  trie  database  operations.  The  following  example  demonstrates  a 
"RETURN"  response  to  the  COMPONENT  DATA  HANDLER.  This  causes  simulation 
control  to  be  transferred  to  the  TOP  LEVEL  CONTROLLER. 


COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 

CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RIKCALL(R)  DELETE(D)  QUERY(Q)  RETURN(RKT) 

>RETURN 

TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 
COMPONENT(CD)  SIMUUTR(SIM)  GRAPIKG)  OR  STOP(S) 

> 

2.4.2  SIMULATE  COMMAND.  The  SIMULATE  command  allows  the  usei"  to  perform 
different  types  of  analysis  on  the  Vehicle,  Englnd,  and  Transmission 
data.  The  user  must  make  sure  that  the  engine  and  transmission  have 
been  properly  matched.  (See  APPENDIX  G  for  further  Information). 

Following  is  an  example  of  the  SIMULATE  command.  The  user  Is  prompted 
for  a  concept  title;  It  will  be  used  by  the  simulation  to  label  any 
graphs.  Next  a  menu  of  available  simulation  options  Is  presented,  and 
the  user  Is  prompted  to  enter  his  choice. 


TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 
COMPONENT(CD)  STMULATE(S IM)  •GRAPH(G)  OR  STOP(S) 

>SIMULATE 

ENTER  CONCEl*T  TITLE  (WHICH  WILL  APPEAR  ON  GRAPHS) 

(10  CHARACTERS  OR  LESS  WITH  NO  BLANKS) 
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>TEST 

SIMUI^*TION  FACILITY;  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POWER  ACCELERATION  PERFORMANCE 

3  -  FUEL  CONSUMPTION 

4  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

> 

2.4.2.1  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED.  The  Full 
Throttle  Tractive  Force  vs  Speed  simulation  calculates  the  amount  of 
force  available  at  the  ground  for  selected  vehicle  speeds.  This 
information  is  necessary  to  determine  grade  performance  and  Is  also 
necessary  to  run  the  Full  Power  Acceleration  and  Fuel  Consumption 
simulations. 

Following  is  an  example  of  a  user  requesting  a  full  throttle  tractive 
force  vs  vehicle  speed  simulation.  The  simulation  presents  the  default 
temperature  and  altitude  which  it  will  use  and  prompts  the  user  for  any 
changes.  The  simulation  is  performed,  and  the  user  menu  is  printed  by 
the  simulation. 


SIMUUTION  FACILITY:  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POWER  ACCELERATION  PERFORM.\NCE 

3  -  FUEL  CONSUMPTION 

4  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>1 

TRACTIVE. FORCE. DATA  DOES  NOT  EXIST.  IT  WILL  BE  CREATED. 

IN  ROUTINE  TO  FIND  TRACTIVE  FORCE  VS  SPEED 

OUTPUT  LISTING  WILL  BE  ON  ThK  FILE  TRACTIVE. FORCE. DATA 

THE  AMBIENT  TEMPERATURE  IS  60  DEG  F  THE  ALTITUDE  IS  0  FT 

DO  YOU  WANT  TO  CHANGE  THESE  VALUES  YES(Y)  OR  NO(N) 

>N0 

THE  TRACTIVE  FORCE  VS  SPEED  SIMULATION  IS  COMPLETE 
OUTPUT  FILE  IS  TRACTIVE. FORCE. DATA 

SIMULATION  FACILITY:  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  x*  FULL  POWER  ACCELERATION  PERFORMANCE 

3  “  FUEL  CONSUMPTION 

4  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

> 


The  following  example  Is  the  same  os  the  preceding  example.  The  only 
difference  is  that  the  user  had  already  requested  a  full  throttle 
tractive  force  vs  vehicle  speed  simulation  during  this  terminal  session. 
The  prior  lequest  caused  a  TRACT tVE.FORCE. DATA  file  to  be  created,  and 
its  disposition  must  bo  addressed  before  another  simulation  con  be 
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performed.  This  example  demonstrates  a  user  trying  to  continue; 
howevet,  the  simulation  will  not  allow  this.  The  file  must  either  be 
saved,  spooled  (routed  to  a  printer),  or  deleted. 


SIMULATION  FACILITY:  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POVIER  ACCELERATION  PERFORMANCE 

3  -  FUEL  CONSUMPTION 

4  -  RETlfRN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>1 

DO  YOU  WANT  TO  (l)SAVE,  (2)SPOOL,  (3)DELETE  OR  (4)CONTINUE 
THE  PRE.SENT  TRACTIVE. FORCE. DATA  FILE 
>4 

THE  PRESENT  TRACTIVE. FORCE. DATA  FILE  WAS  NOT  OPENED 
IT  CAN  NOT  BE  CONTINUED 

DO  YOU  WANT  TO  (l)SAVE,  (2)SPOOL,  (3)DELETE  OR  (4)CONTINUE 
THE  PRE",ENT  TRACTIVE. FORCE. DATA  FILE 
>3 

IN  ROUTINE  TO  FIND  TRACTIVE  FORCE  VS  SPEED 

OUTPUT  LISTING  WILL  BE  ON  THE  FILE  TRACTIVE .FORCE. DATA 

THE  AMBIENT  TEMPERATURE  IS  60  DEG  F  THE  ALTITUDE  IS  0  FT 

DO  YOU  WANT  TO  CHANGE  THESE  VALUES  YES(Y)  OR  N0(N) 

>N 

THE  TRACTIVE  FORCE  VS  SPEED  SIMULATION  IS  COMPLETE 
OUTPUT  FILE  IS  TRACTIVE, FORCE. DATA 

SIMULATION  FACILITY:  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POWER  ACCELERATION  PERFORMANCE 

3  “  FURL  CONSUMPTION 

4  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

> 


2.4. 2. 2  FULL  POWER  ACCELERATION  PERFORMANCE.  This  simulation  la  used  to 
predict  the  vehicle  full  power  acceleration  performance  for  Vehicle 
Speed  vs  Time  (e.g.,  time  from  0-10  MPU  and  0-20  MPH)  and  Distance  vs 
Time  (e.g'.,  time  from  0-500  FT).  The  user  can  also  make  disposition  of 
tlie  ACCEL.DATA  file  here.  Additionally,  there  are  two  Items  that  the 
user  can  select  that  will  affect  the  acceleration  simulation.  The  first 
Is  the  Rolling  Resistance,  which  determines  the  type  of  terrain  being 
traversed;  and  the  second  Is  the  traction  coefficient,  which  represents 
the  capability  of  tVie  surface  to  provide  traction. 

Following  la  on  example  of  the  dialog  required  to  compute  u  full  power 
acceleration  performance  simulation.  As  In  the  above  example,  a 
previouB  simulation  of  this  type  hod  been  performed;  therefore,  the 
output  file  disposition  must  be  addresaed.  At  this  ixiint  the  user  is 
prompted  for  the  rolling  reslntonce  to  be  used;  next  the  simulation 
presents  the  traction  coefflclcTit  and  prompts  for  any  desired  changes. 
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The  requested  simulation  is  performed,  ami  the  user  Is  prompted  for  his 
next  choice. 


SIMULATION  FACILITY;  THE  FOLLOWING  SIMULATIONS/OPERATIONS  GAN  BE  PERFORMED 

1  "  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POWER  ACCELERATION  PERFORMANCE 

3  -  FUEL  CONSUMPTION 

A  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 
>2 

DO  YOU  WANT  TO,  l(SAVE),  2(SPOOL),  3(DELETE)  OR  A(CONTINUE) 

THE  PRESENT  ACCEL. DATA  FILE  7 
3 

OUTPUT  DATA  WILL  BE  ON  THE  FILE  CALLED  ACCEL. DAT/. 

IN  ROUTINE  TO  SIMUUTE  FULL  POWER  ACCELERATION 
SET  THE  ROLLING  RESISTANCE 

1  -  PRIMARY  ROAD  ROLLING  RESISTANCE  IS  90  LB/TON 

2  -  SECONDARY  ROAD  ROLLING  RESISTANCE  IS  100  LB/TON 

3  ->  CROSS  COUNTRY  ROLLING  RESISTANCE  IS  180  LB/TON 
A  -  OTHER  AS  DESIRED 

>1 

THE  TRACTION  COEFFICIENT  IS  0.75 

DO  YOU  WANT  TO  CHANGE  THE  TRACTION  COEFFICIENT  YES(Y)  OR  N0(N) 

>N0 

ENTER  ACCELERATION  ROUTINE 
INITIALIZE  DATA 
M-1  AGT-1500  X-1100 

AVERAGE  SPROCKET  HP  105A.67  FOR  TOP  SPEED  OF  43.5871 
THE  FULL  POWER  ACCELERATION  SIMUUTION  IS  COMPLETE 
OUTPUT  FILE  IS  ACCEL, DATA 

SIMULATION  FACILITY:  THE  FOLLOWING  SIHULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POWER  ACCELERATION  PERFORMANCE 

3  -  FUEL  CONSUMPTION 

A  “  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 


2. 4,2.3  FUEL  CONSUMPTION.  This  simulation  produces  a  vehicle  fuel  map 
showing  lines  of  constant  MPG.  The  map  ran  be  used  to  make  fuel 
consumption  predictions  for  various  scenarios  where  the  vehicle  load 
conditions  are  known.  The  FUEL  CONSUMP'l'ION  option  has  s  large  number  of 
calculations  avid  may  take  from  5  to  10  minutes  depending  on  the  number 
of  gear  conditions  of  tlie  Transmission.  The  user  can  also  make 
disposition  of  the  FUEL-DATA  file  here. 

Following  Is  an  example  of  a  fuel  . sumption  simulation.  Agairt,  a  fuel 
consumption  simulation  had  already  been  performed,  so  the  user  Is 
prompted  for  the  existing  file  disposition.  The  fuel  consumption 
slirulatlon  Is  performed,  and  the  user  Is  prompted  for  his  next 
simulation  facility  choice. 
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SIMULATION  FACILITY:  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  FULL  POWER  ACCELERATION  PERFORMANCE 

3  "  FUEL  CONSUMPTION 

4  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>3 

DO  YOU  WANT  TO  (l)SAVE,  (2)SPOOL,  <3)DELETE  OR  (4)CONTINUE 
THE  PRESENT  FUEL. DATA  FILE 
>3 

CALCULATING  MILEAGE 

WRITING  DATA  TO  OUTPUT  FILE 

THE  FUEL  CONSUMPnON  SIMULATION  IS  COMPLETE 

OUTPUT  FILE  IS  FUEL. DATA 

SIMULATION  FACILITY;  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POWER  ACCELERATION  PERFORMANCE 

3  *  FUEL  CONSUMPTION 

4  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

•> 

2.4. 2.4  RETURN  TO  TOP  LEVEL  CONTROLLER.  Selection  of  this  choice 
returns  the  user  to  the  TOP  LEVEL  CONTROLLER  level  of  the  simulation. 

The  following  example  illuBtrates  this  choice: 

SIMULATION  FACILITY:  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  ■-  FULL  POWER  ACCELERATION  PERFORMANCE 

3  -  FUEL  CONSUMFflON 

4  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>4 

TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS) 
COMPONENT(CD)  SIMUUTE(SIM)  'GRAPH(G)  OR  STOP(S) 

> 

2.4.3  GRAPH  COMMAND.  The  GRAPH  command  provides  the  user  with  the 
opportunity  to  obtain  graphical  output  of  the  results  of  the 
simulations.  If  the  Tektronix  terminal  Is  used,  a  hard  copy  of  all 
selected  graphs  can  be  made.  Each  available  graph  Is  presented  In  the 
following  sections.  Ai.  example  of  the  computer  prompt  Is  as  follows: 

TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS) 
COMPONENT(CD)  SIMULATE (SIM)  GRAPH(G)  OR  STOP(S) 

>GRAPH 

GRAPHING  FACILITY;  THE  FOLLOWING  GRAPHS  CAN  BE  DRAWN 
NOTE  II  AFTER  A  SELECTED  GRAPH  HAS  BEEN  DRAWN  (I.E.,  THE  DATE 
AND  TIME  ARE  PRINTED),  ENTER  A  CARRIAGE  RETURN  TO  CONTINUE 
1  -  TRACTIVE  FORCE  VS  VEHICLE  SPEED 


2  =  ACCELERATION  DISTANCE  VS  TIME 

3  =  ACCELERATION  VEHICLE  SPEED  VS  TIME 

4  =  SPROCKET  HORSEPOWER  VS  VEHICLE  SPEED 

5  »  FUEL  CONSUMPTION  IN  CONSTANT  MPG 

6  *  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  NUMBER 

> 

If  you  are  trying  to  obtain  a  graph  on  a  terminal  which  does  not  have 
graphical  capabilities  (a  TT'Y  type  1  ),  a  message  similar  to  the 
following  will  be  printed,  and  you  will  be  returned  to  the  TOP  LEVE.L 
CONTROLLER. 

TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS) 
COMPONENT  (CD)  S IMULATE (S IM)  GRAPH (G)  OR  STOP(S) 

X3RAPH 

THE  TERMINAL  'i’YPE  YOU  ENTERED  (1)  DOES  NOT  HAVE  GRAPHING  CAPABILITIES 
TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS) 
COMPONENT  (CD)  SIMULATE(SIM)  GI^APH(G)  OR  STOP(S) 

> 

If  your  terminal  has  graphical  capabilities,  the  following  graphs  can  be 
drawn. 


2. 4. 3.1  TRACTIVE  FORCE  VS  SPEED  GRAPH.  The  graph  of  Tractive  Force  (LB) 
vs  Vehicle  Speed  (MKI)  shows  the  Tractive  Force  for  every  possible  gear 
condition.  Also  presented  on  this  graph  are  lines  which  show  the 
Tractive  Force  requirements  for  grades  of  slope,  slope  and  60% 
slope.  Figure  2-1  is  a  sam'Io  TRACTIVl-i  FORCE  VS  SPEED  GRAl>H. 

TOP  LEVEL  CONTROLLER;  ENTER  ONE  OF  TOE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS) 
COMPONENT  (CD)  SIMULATE (SIM)  GRAHI(G)  OR  STOP(S) 

>G 

GRAraiNG  FACILITY:  THE  FOLLOWING  GRAPHS  CAN  BE  DRAWN 
NO'rEll  AFTER  A  SELIXITED  Q^APH  HAS  BEEN  DRAWN  (I.E.  ,  THE  DATE 
AND  TIME  ARE  PRINTED) ,  ENTER  A  CARRIAGE  RETURN  TO  CONTINUE 

1  =  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  =  ACCELERATION  DISTANCE  VS  TIME 

3  =  ACCELfmTION  VEHICLE  SPEED  VS  TIME 

4  =  SPROCKET  HORSEPOWER  VS  VEHICLE  SPEED 

5  FUEL  CONSUMPTION  IN  CONSTANT  MPG 

6  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  NUMBER 

>1 

IN  ROUTINE  TO  DRAW  TRACTIVE  FORCE  VS  SPEED 
SET  TOE  ROLLING  RESISTANCE 

1  =  PRIMARY  ROAD  ROLLING  RESISTANCE  IS  90  LB/TON 

2  =  SECONDARY  ROAD  ROLLING  RESISTANCE  IS  100  LB/TON 

3  =  CROSS  COUNTRY  ROLLING  RESISTANCE  IS  180  LB/TON 

4  =  OTHER  AS  DESIRED 

>1 


2.4. 3.2  DISTANCE  VS  TIME  GRAPH.  This  graph  shows  the  Distance  (FT) 
Time  (SEC)  and  is  used  to  determine  the  time  for  0-500  FT. 
Figure  2-2  is  a  sample  of  a  DISTANCE  VS  TIME  GRAPH. 


GRAPHING  FACILITY:  TOE  FOLLOWING  GRAPHS  CAN  BE  DRAWN 
NOTE 11  AFTER  A  SELECTED  GRAPH  HAS  BEEN  DlWkWN  (I.E.,  THE  DATE 
AND  TIME  ARE  PRINTED) ,  ENTER  A  CARRIAGE  RETURN  TO  CONTINUE 

1  »  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  =  ACCELERATION  DISTANCE  VS  TIME 

3  =  ACCELERATION  VEHICLE  SPEED  VS  TIME 

4  =  SPROCKET  HORSEPOWER  VS  VEHICLE  SPEED 

5  =  FUEL  CONSUMPTION  IN  CONSTANT  MPG 

6  =  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  NUMBER 

>2 

IN  ROUTINE  TO  DRAW  DISTANCE  VS  TIME 


2.4.3, 3  SPEED  VS  TIME  GRAPH.  This  graph  shows  the  Vehicle  Speed  (MPH) 
va  Time  (SBC)  and  is  used  to  determine  the  times  for  0-10  MPH  and  0-20 
MTH,  Figure  2-3  is  a  sample  of  a  SPEED  VS  TIME  GRAPH. 


GRAPHING  FACILITY:  THE  FOLLOWING  GRAPHS  CAN  BE  DRAWN 
NOTEU  AFTER  A  SELECTED  GRAPH  HAS  BEEN  DRAWN  (I.E.,  THE  DATE 
AND  TIME  ARE  PRINTED) ,  ENTER  A  CARRIAGE  RETURN  TO  COOTINUE 

1  »  TRACTIVE  FOtCE  VS  VEHICLE  SPEED 

2  *  ACCELERATION  DISTANCE  VS  TIME 

3  “  ACCELERATION  VEHICLE  SPEED  VS  TIME 

4  «  SPROCKEl'  HORSEPOWER  VS  VEHICLE  SPEED 

5  »  FUEL  CONSUMPTION  IN  CONSTANT  MPG 

6  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  NUMBER 

>3 

IN  ROUTINE  TO  DRAW  SPEED  VS  TIME 
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C  £  L  E  R  A 


2. 4. 3. 4  SPROCKET  HORSEPOWER  VS  SPEED  GRAPH.  The  graph  of  Sprocket 
Horsepower  vs  Vehicle  Speed  (MPH)  shows  every  possible  gear  condition. 

Also  presented  on  the  graph  are  lines  wtiich  show  the  Sprocket  Horsepower 
requirennents  for  grades  of  0%  slope,  10%  slope  and  60%  slope.  The  grade 
lines  show  the  effect  of  wind  resistance  as  well.  Figure  2-4  is  a  sample  of 
a  SPROCKET  HORSEPOWER  VS  SPEED  GRAPH. 


GRAPHING  FACILITY:  THE  FOLLOWING  GRAPHS  CAN  BE  DRAWN 
NOTE II  AFTER  A  SBLBCT’EIO  GRAPH  HAS  BEEN  DRAWN  (I.E.,  THE  DATE 
AND  TIME  ARE  PRINTED) ,  ENTER  A  CARRIAGE  RETURN  TO  CONTINUE 

1  “  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  «  ACCELERATION  DISTANCE  VS  TIME 

3  =«  ACCELERATION  VEHICLE  SPEED  VS  TIME 

4  -  SPROCKET  HORSEPOWER  VS  VEHICLE  SPEED 

5  »  FUEL  CONSUMPTION  IN  CONSTANT  MPG 

6  *  RETURN  TO  TOP  LEVEL  CONl'ROLLER 
ENTER  NUMBER 

>4 

SET  THE  ROLLING  RESISTANCE  HORSEPOWER  VS  SPEEDIIII! 

1  »  PRIMARY  ROAD  ROLLING  RESISTANCE  IS  90  LB/TON 

2  »  SECONDARY  ROAD  ROLLING  RESISTANCE  IS  100  LB/TON 

3  “  CROSS  COUNTRY  ROLLING  RESISTANCE  IS  1B0  LB/TON 

4  "  OTHER  AS  DESIRED 

>1 
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2.4. 3. 5  FUEL  CONSUMPTION  LINES  OF  CONSTANT  MILES  PER  GALLCW.  The  graphs 
of  Fuel  Consumption  are  plots  of  Sprocket  Horsepower  vs  Vehicle  Speed 
for  every  possible  gear  condition.  On  each  plot  are  lines  of  constant 
Miles  per  Gallon.  Figure  2-5  is  a  sample  of  a  FUEL  CONSUMPTION  LINES  OF 
CONSTANT  MILES  PER  GALLON. 


GRAPHING  FACILITY:  THE  FOLLOWING  GRAPHS  CAN  BE  DRAWN 
NOTE 11  AFTER  A  SELECTED  GRAPH  HAS  BEEN  DRAWN  (I.B.,  THE  DATE 
AND  TIME  ARE  PRINTED)  ,  OJTER  A  a>J?RIAGE  RETURN  TO  CONTINUE 

1  »  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  »  ACCELERATION  DISTANCE  VS  TIME 

3  “  ACCELERATION  VEHICLE  SPEED  VS  TIME 

4  "  SPROCKET  HORSEPOWER  VS  VEHICLE  SPEED 

5  »  FUEL  CONSUMPTION  IN  CONSTANT  MPG 

6  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  NUMBER 

>5 

IN  ROUTINE  TO  DRAW  FUEL  CONSUMPTION  CHART 
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VEHICLE  SPEED  (MPH) 


2<4.3.6  RETURN.  Thla  choice  returoe  the  user  to  the  TOP  LEVEL 
CONTROLLER  level  of  the  simulation.  The  following  example  Illustrates 
this  choice: 

GRAPHING  FACILITY:  THE  FOLLOWING  GRATIS  CAN  BE  DRAWN 

NOTE  1 1  AFTER  A  SELECTED 'GRAPH  HAS  BEEN  DRAWN  (I.E.,  THE  DATE 

AND  TIME  ARE  PRINTED),  ENTER  A  CARRIAGE  RETURN  TO  CONTINUE 

1  -  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  »  ACCELERATION  DISTANCE  VS  TIME 

3  -  ACCELERATION  VEHICLE  SPEED  VS  TIME 

4  -  SPROCKET  HORSEPOWER  VS  VEHICLE  SPEED 

5  -  FUEL  CONSUMPTION  IN  CONSTANT  MPG 

6  «•  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  NUMBER 

>6 

TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 
CCMPONENT(CD)  SIMULATE(51M)  GRAPHCG)  OR  STOP(S) 

> 


2.4.4  STOP  COMMAND.  The  STOP  command  ends  execution  of  the  almulatlon 
and  returna  the  user  to  FRIMOS  Operating  System  level.  At  this  time  the 
user  can  look  at  the  output  files  using  the  ED  command  In  FRIMOS,  use 
the  SPOOL  command  and  Hat  the  files  at  a  prlntet,  or  logout  from  the 
computer. 

TOP  LEVEI,  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 

COMPONENT(CD)  SIMULATE(SIM)  'GRAPH(G)  OR  STOP(S) 

>ST0P 

IF  SIMULATIONS  HAVE:  BEEN  RUN  THE  FOLLOWING  FILES  CONTAIN  OUTPUT  DATA: 

TRACTIVE  FORCE  VS  SPEED  ON  TRACTIVE. FORCE. DATA 
FULL  POWER  ACCELERATION  ON  ACCEL. DATA 
FUEL  CONSUMPTION  ON  FUEL. DATA 
OK, 

2.5  TERMINATING  THE  TERMINAL  SESSION  (LOGOUT).  After  entering  the  STOP 
command,  indicating  that  you  have  finished  using  the  PS**Z,  the  computer 
will  respond  with  "OK,".  The  terminal  aesalon  is  completed  by  typing 
the  PRIMOS  "LOGOUT"  command.  The  computer  will  print  some  summary 
Information;  you  can  then  turn  off  the  terminal  (and  the  modeM,  If  you 
were  using  one).  If  you  were  using  a  dstaphone,  pick  up  the  receive^’, 
depress  the  DATA  button,  and  then  haug  up  the  phone.  It  la  a  good 
practice  to  check  for  a  dial  tone  at  this  point. 
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3.0  SIMUFATION  INPUTS 


This  section  gives  a  description  of  each  of  the  input  data  items. 

3.1  VEHICLE 

3.1.1  VEHICLE  DATA  ITtM  DESCRIPTIONS 

VEHICLE  NAME:  (TEXT)  10  unique  characters  or  less 

DEFAULT  ENGINE:  (TEXT)  10  unique  characters  or  less,  must  exist  on 
BNGINE.DATA  file 

DEFAULT  TRANSMISSION:  (TEXT)  10  unique  characters  or  less,  must  exist 
on  TRANS. DATA  file 

GROSS  VflHICLB  VffilQIT:  (LB  INTEGER) 

ACTIVE  TRACK  WEIGHT:  (LB  INTEGER)  Weight  of  track  not  on  the  ground 

PRIMARY  ROAD  ROLLING  RESISTANCE:  (LB/TON  INTEGER)  Resistance  to  motion 
on  hard  surface.  Wheeled  vehicles  are  approximately  30  LB/TON  and 
tracked  vehicles  range  from  70  to  100  LB/TX)N. 

SECONDARY  ROAD  ROLLING  RESISTANCE:  (LB/TON  tnteGER)  Resistance  to 
motion  on  loose  surface.  This  resistance  is  approximately  10%  greater 
than  Primary  Road  Resistance. 

CROSS  COUNTRY  ROLLING  RESISTANCE:  (LD/TON  INTEGER)  Resistance  to  motion 
off  road.  This  resistance  is  approximately  100%  greater  than  Primary 
Road  Resistance. 

FRONTAL  AREA:  (pr**2  INTEGER)  Frontal  cross-sectional  area. 

AIR  DRAG  COFiFFICIENT:  (REAL)  Coefficient  used  to  calculate  wind 
resistance,  trucks  and  tank-s  have  a  coefficient  of  from  ,8  to  1.5. 

3.1.2  VEHICLE  DATA  SHEET 

The  next  page  shows  a  filled-in  VEHICLE  DATA  SHEET. 
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VEHICLE  DATA  SHEET 


VEHICLE  NAME 
DEFAULT  ENGINE 
DEFAULT  TRAUSMISSION 
GROSS  VEHICLE  WEIGHT 


M-1 

AGT-1500 

X-1100 

120000  LB 


This  Is  the  weight  of  the  track  that  is  not  on  the  ground. 

ACTIVE  TRACK  WEIGHT  -  8944  LB 


Rolling  resistance  for  wheeled  vehicles  on  hard  surface  is  around  30 
lb/ ton.  Ar  y  tracked  vehicles  are  generolly  3  clmes  this  amount. 
Secondary  road  rolling  resistance  is  approximately  10%  greater  and  cross 
country  rolling  resistance  is  about  100%  greater. 


PRIMARY  ROAD  ROLLING  RESISTANCE 
SECC  .JDARY  ROAD  ROLLING  RESISTANCE 
CRLJS  COUNTRY  ROLLING  RESISTANCE 
FRONTAL  AREA 

Air  drag  coefficients  of  different 
Trucks 
Van  body 
Car 

A7R  DRAG  COEFFICIENT 


-  90 

LB/TON 

-  JOO 

LB/TON 

-  180 

LB/TON 

-  80 

FT**2 

vehicles  are  as  follows: 
.8  to  1.5 
.5  to  .7 
.3  to  .5 

-  1.3 
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3.2  ENGINE 


3.2.1  ENGINE  DATA  ITEM  DESCRIPTION 

ENGINE  NAME:  10  unique  chsrsctere  or  less  (TEXT) 

ENGINE  MAXIMUM  HORSEPOWER:  Maximum  rated  groas  horeepower  (HP  INTEGER) 

INSTALLATION  LOSS  FACTOR:  Fraction  of  gross  power  available  due  to 
Installation  losses  (REAL) 

STANDARD  TEMPERATURE:  Ambient  temperature  for  net  power  calculations 
(DEG  F  INTEGER) 

STANDARD  ALTITUDE:  Altitude  for  net  power  calculations  (FT  INTEGER) 
RATED  ENGINE  RPM;  Maximum  manufacturer  rpm  rating  (RPM  INTEGER) 

ENGINE  IDLE  RPM:  Engine  Idle  rpm  (RPM  INTEGER) 

ENGINE  SPEED  FOR  SHIFT:  Engine  speed  for  transmission  shifting  (RPM 
INTEGER) 

ENGINE  RPM  VS  GROSS  TORQUE:  Gross  torque  vs  rpm  data  (FT-LB  INTEGER  RPM 
INTEGER) 

COEFFICIENTS  TO  ENGINE  ACCESSORY  TORQUE  LOSS  CURVE:  These  are 
coefficients  to  a  third  order  polynomial  equation  that  fit  the  accessory 
torque  loss  vs  rpm  data.  (REAL) 

COEFFICIENTS  TO  ENGINE  ALTERNATOR  TORQUE  LOSS  CURVE:  These  arc 
coefficients  to  a  third  order  polynomial  equation  that  fit  the 
alternator  torque  loss  vs  rpm  data.  (REAL) 

COEFFICIENTS  TO  ENGINE  FAN  TORQUE  LOSS  CURVE:  These  are  coefficients  to 
a  third  order  pol3momlal  equation  that  fit  the  engine  fan  torque  loss  vs 
rpm  data.  (REAL) 

COEFFICIENTS  TO  AMBIENT  TEMPERATURE  VS  PERFORMANCE  LOSS  DATA:  Th«b«!  are 
coefficients  to  c  third  order  polynomial  equation  that  fit  the  amblc^nt 
temperature  vs  power  reduction  data.  (REAL) 

COEFFICIENTS  TO  ENGINE  TORQUE  LOSS  DUE  TO  ALTITUDE  DATA:  These  are 
coefficients  to  a  third  order  polynomial  equation  that  fit  the  altitude 
vs  power  reduction  data.  (REAL) 

FUEL  CONSUMPTION  HORSEPOWER  STEP  SIZE:  Thla  la  the  horsepower  step  used 
for  engine  fuel  map  data.  (HP  INTEGER) 

FUEL  CONSUMmON  ENGINE  SPEED  STEP  SIZE:  This  Is  the  engine  rpm  step 
used  for  engine  fuel  map  data.  (RPM  INTEGER) 
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NUMBER  OF  ENGINE  RPM  POINTS  INCLUDING  ZERO:  This  is  the  niamber  of  steps 
starting  with  0  and  ending  with  rated  engine  speed.  (INTEGER) 

NUMBER  OF  HORSEPOWER  POINTS  INCLUDING  ZERO;  This  is  the  number  of  steps 
starting  with  0  and  ending  with  ratexi  engine  horsepower.  (INTEGER) 

ENGINE  FUEL  CONSUMPTION;  The  engine  fuel  map  data  is  in  BSPC  in  LQ/HP- 
HR;  there  is  a  value  for  each  ccmbination  of  speed  and  horsepower.  This 
is  necessairy  in  order  for  the  simulation  to  ma]ce  interpolations  near  the 
full  power  line,  (LB/HP-HR  REAL) 

3.2.2  (2NGINE  DATA  SHEET 

The  next  2  pages  show  a  filled-in  ENGINE  DATA  SHEE-r. 


5f» 


ENGINE  DATA  SHEET 
(PAGE  1) 


ENGINE  NAME 

-  AGT-1500 

ENGINE  MAXIMUM  HORSEPOWER 

-  1500 

HP 

INSTALLATION  LOSS  FACTOR 

LESS  THAN  OR  EQUAL  TO  1.000 

-  0.967 

STANDARD  TEMPERATURE 

-  60 

DEG  F 

STANDARD  ALTITUDE 

■  0 

FT 

RATED  ENGINE  RPM 

-  3000 

RPM 

ENGINE  IDLE  RPM 

-  1000 

RPM 

ENGINE  SPEED  FOR 

SHIFT 

-  2950 

RPM 

ENGINE  MOMENT  OF 

INERTIA 

-  6.5 

FT-LB“SEC**2 

ENGINE  RPM 

VS  CROSS  TORQUE 

RPM  FT-LBF 

RPM 

FT-LBF 

RPM  FT-LBF 

RPM 

FT-LBF 

'  800  4450 

1000 

4300 

1200  4150 

1400 

4000 

1500  3940 

1600 

3850 

2000  3550 

2400 

3200 

2800  2790 

3000 

2625 

The  following  engine  data  lo  fitted  to  third  order  polynomial  equations* 
In  order  to  find  the  coefficients  the  program  CRAFTEK  can  be  used.  See 
Appendix  E  on  the  use  of  this  program. 

COEFFICIENTS  TO  ENGINE  TORQUE  LOSS  CURVES 

CONSTANT  X  X**2  X**3 

ACCESSORY  O.OOOOOOE-K)0  O.OOOOOOE+00  O.OOOOOOE+00  0.00000OE4O0 

AI.TERNATOR  0.11!)280E+03  -0.23415E-01  O.OOOOOOE+00  O.OOOOOOE+00 

ENGINE  FAN  O.OOOOOOE+00  0.145049E-02  0.186072E-04  0.150022E-09 

COEFFICIENTS  TO  TEMPERATURE  AND  ALTITUDE  CORRECTION  FACTOR  CURVES 

TEMPERATURE  0.141861E+O1  0.46512E-02  O.OOOOOOE+OO  0.000000E4O0 

ALTITUDE  0.100000E-K)1  -0.32500E-04  O.OOOOOOE+OO  O.OOOOOOE+OO 


ENGINE  DATA  SHEET 
(PAGE  2) 

Th«  data  In  the  engine  fuel  consumption  map  must  be  filled  out 
completely  la  order  for  the  simulation  to  operate  properly.  Data  values 
are  in  BSFC  (Ib/hp-hr).  Data  outside  the  full  power  curve  and  at  the 
eero  points  on  the  axis  Is  developed  by  straight  line  extrapolation. 
There  Is  a  program  available  to  digitize  an  engine  fuel  map  and  put  that 
data  into  the  correct  format  for  this  slmulatiori,  Appendix  F  describes 
the  use  of  this  program  and  the  required  Inputs. 

FUEL  CONSUMPTION  ENGINE  SPEED  STEP  SIZE  -  300 
FUEL  CONSUMPTION  HORSEPOWER  STEP  SIZE  -  100 

NUMBER  OF  ENGINE  RPM  POINTS  INCLUDING  ZERO  -  11 
NUMBER  OF  HORSEPOWER  POINTS  INCLUDING  ZERO  -  16 


SAMPLE  ENGINE  FUEL  CONSUMPTION  MAP 


15001 

1 

1,406 

1,258 

1.109 

0.961 

0.812 

0.664 

0.604 

0.565 

0,522 

0.503 

0.500 

1 

14001 

1 

1,302 

1.172 

1.043 

0.914 

0.784 

0.655 

0.593 

0.546 

0.507 

0.487 

0.480 

13001 

1 

1.197 

1.087 

0.976 

0.866 

0.756 

0.646 

0.581 

0.529 

0.492 

0.479 

0.475 

s 

1 

12001 

1 

1.092 

1.001 

0.910 

0.819 

0.728 

0.637 

0.569 

0.514 

0.489 

0.477 

0.475 

Jr 

R 

A 

I 

1100  1 

1 

0.987 

0.915 

0.843 

0.772 

0.700 

0.628 

0.553 

0.513 

0.490 

0.482 

0.480 

U 

C 

K 

E 

T 

H 

0 

n 

1 

1000 1 

1.055 

0.968 

0,881 

0.794 

0.707 

0.620 

0.544 

0.517 

0.497 

0.492 

0.490 

900  1 

1 

1.281 

1.136 

0.99:. 

0.846 

0.700 

0.616 

0.555 

0.522 

0.507 

0.502 

0.503 

1 

8001 

1 

1.304 

1.151 

0.998 

0.845 

0.692 

0.613 

0.561 

0.535 

0.520 

0.515 

0.520 

7001 

1 

1.248 

1.109 

0.970 

0.830 

0.683 

0.612 

0.575 

0.547 

0.537 

0.535 

0.541 

K 

s 

tr 

1 

600  1 

1 

1.217 

1.089 

0.962 

0.834 

0.701 

0.628 

0.589 

0.570 

0.556 

0.562 

0,571 

p 

A 

1 

5001 

1 

1.185 

1.069 

0.954 

0.838 

0.707 

0.644 

0.606 

0.595 

0.587 

0.594 

0.610 

U 

w 

E 

R 

i 

400  1 

1 

1.424 

1.240 

1.056 

0.872 

0.740 

0.669 

0.637 

0.633 

0,630 

0.640 

0.667 

1 

300  1 

1 

2.259 

1.634 

1,000 

''.,912 

0.773 

0.700 

0.687 

0.687 

0.700 

0.725 

0.760 

1 

2001 

1 

2.084 

1.649 

1.219 

0.985 

0.833 

0.783 

0.780 

0.800 

0.850 

0.900 

0.950 

1 

100  1 

1 

1.908 

1.664 

1.438 

1.114 

1.000 

1.000 

1.142 

1.190 

1.285 

1.427 

1.456 

1 

o| 

1.733 

1.680 

1.658 

1.684 

1.950 

1.950 

1.855 

2.140 

1.998 

2.140 

2.026 

0  300  600  900  1200  1500  1800  2100  2400  2700  3000 

ENGINE  RPM 


3.3  TRANSMISSION 


3.3.1  I'RANSMISSION  DATA  ITEM  DESCRIPTIONS 

TRANSMISSION  NAME;  10  unique  characters  or  less  (TEXT) 

TRANSMISSION  TYPE:  The.re  are  presently  2  types  of  transmissions  that 
can  be  simulated;  they  are  (1)  Hydroklnctlc  and  (2)  Mechanical 
(INTEGER) 

TRANSMISSION  GEAR  SHIFT  TIME:  The  time  delay  between  gear  shifts  (SEC 
REAL),  usually  less  than  I  second. 

TRANSMISSION  MOMENT  OF  INERTIA;  Polar  moment  of  Inertia  of  the  rotating 
components  (FT-LB-SEC**2  REAL) 

NAME  OF  ENGINE  MATCHED  TO  THIS  TRANSMISSION:  10  characters  or  less, 
must  exist  on  ENGINE.DATA  file  (TEXT) 

IF  TRANS  TYPE-HYDROKINETIC,  CONVERTER  NAME;  10  characters  or  less 
(TEXT) 

ENGINE  TO  TRANSMISSION  GEAR  RATIO:  (REAL) 

ENGINE  TO  TRANSMISSION  GEAR  EFFICIENCY:  (REAL) 

TRANSFER  CASE  GEAR  RATIO;  (REAL) 

TRANSFER  CASE  GEAR  EFFICIENCY:  (REAL) 

FINAL  DRIVE  GEAR  RATIO;  (REAL) 

FINAL  DRIVE 'GEAR  EFFICIENCY:  (REAL) 

SPROCKET  PITCH  RADIUS;  FT  (REAL) 

NUMBER  OF  GEARS:  (INTEGER)  Maximum  of  6 
:‘0RMAL  STARTING  GEAR:  (INTEGER) 

The  following  Items  are  curves  of  data  which  have  been  fitted  with  third 
order  polynomial  equations.  The  first  three  Items,  which  deal  with  the 
operational  characteristics  of  the  torque  converter  of  a  Hydroklnetlc 
type  of  transmission,  have  been  fitted  with  2  curves. 

SPEED  RATIO  AT  WHICH  THE  CURVES  CHANGE:  (REAL) 

COEFFICIENTS  TO  THE  TWO  SPEED  RATIO  VS  TORQUE  RATIO  CURVES:  8  VALUES 
(REAL) 

COEFFICIENTS  TO  THE  TWO  SPEED  RATIO  VS  INPUT  CAPACITY  FACTOR  CURVES:  8 
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VALUES  (REAL) 

COEFFICIENTS  TO  THE  TWO  OUTPUT  CAPACITY  FACTOR  VS  SPEED  RATIO  CURVES:  8 
VALUES  (REAL) 

The  next  Items  deal  with  tranamlaslon  loasea  and  are  fitted  with  only  1 
curve. 

COEFFICIENTS  FOR  TRANS  INPUT  TORQUE  LOSS  CURVE  CONVERTER:  4  VALUES 
(REAL) 

COEFFICIENTS  FOR  TRANS  INPUT  TORQUE  LOSS  CURVE  LOCKUP:  4  VALUES  (REAL) 

COEFFICIENTS  FOR  TRANS  OUTPUT  TORQUE  LOSS  CURVE:  4  VALUES  For  each  gear 
(REAL) 

TRANSMISSION  GEAR  MODE:  This  Indicates  for  the  hydroHnetlc  type  of 
tranamlaulon  if  the  particular  gear  operates  in  (1)  converter  only,  (2) 
lockup  only,  or  (3)  both  converter  and  lockup.  One  for  each  gear 
(INTEGER) 

CONVERTER  SPEED  RATIO  FOR  LOCKUP:  One  for  each  gear  (REAL) 

TRANSMISSION  GEAR  RATIO:  One  for  each  gear  (REAL) 

TRANSMISSION  GEAR  EFFICIENCY;  One  for  each  gear  (REAL) 

TRANSMISSION  GEAR  MOMENT  OF  INERTIA;  One  for  each  gear  (REAL) 

TRANSMISSION  SHIFT  SCENARIO:  This  indicates  If  a  gear  condition  occurs 
lu  normal  acceleration.  A  1  means  that  the  gear  condition  occurd,  a  0 
ueana  that  It  doea  not.  Two  for  each  gear  (INTEGER) 

TRANSMISSION  GEAR  SHIFT  VALUES:  Four  pairs  are  required  for  every  gear 
condition  (both  Converter  and  Lockup)  in  the  shift  scenario. 

3.3.2  TRANSMISSION  DATA  SHEET 

The  next  4  page  show  a  filld  in  TRANSMISSION  DATA  SHEET. 


60 


TRANSMISSION  DATA  SHEET 
(PAGE  1) 


TRANSMISSION  NAME 

X-1100 

TRANSMISSION  TYPE 

HYDROKINETIC 

MECHANICAL 

X 

TRANSMISSION  GEAR  SHIFT  TIME 

-  0.05 

SEC 

TRANSMISSION  INPUT  MOMENT  OF  INERTIA 

-  3.000 

FT-LB-SEC**2 

NAME  OF  ENGINE  MATCHED  TO  THIS  TRANSMISSION  -  AGT-1500 

IF  TYPE-HYDROKINETIC,  CONVERTER  NAME 

-  TC-897-3B 

ENGINE  TO  TRANSMISSION  GEAR  RATIO 

-  1.000 

ENGINE  TO  TRANSMISSION  GEAR  EFFICIENCY 

-  1.000 

TRANSFER  CASE 'GEAR  RATIO 

-  l.OOO 

TRANSFER  CASE 'GEAR  KFFTOIENCY 

-  1.000 

FINAL  DRIVE  GEAR  RATIO 

-  4.300 

FINAL  DRIVE  GEAR  EFFICIENCY 

-  0.981) 

FINAL  DRIVE  MOMENT  OF  INERTIA 

-  7.520 

FT-LB-SEC**2 

SPROCKET  PITCH  RADIUS 

-  1.120 

FT 

NUMBER  OF  GEARS 

-  4 

NORMAL  STARTING  GEAR 

-  2 
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TRANSMISSION  DATA  SHEET 
(PAGE  2) 

The  next  three  Items  are  the  torque  converter  characteristics  of  a 
hydroklnetlc  type  transmission.  This  data  Is  fitted  with  third  order 
polynomial  equations.  In  order  to  find  the  coefficients  the  program 
'GRAFTEK  can  be  used.  See  Appendix  E  on  the  use  of  this  program. 

The  data  can  be  fitted  to  either  1  or  2  curves.  If  one  curve  is  used 
then  the  speed  ratio  at  which  the  curves  change  must  be  I.O  and  the 
coefficients  for  curve  2  are  set  to 'zero.  If  2  curves  are  used  then  all 
three  data  Items  must  change  at  the  same  speed  ratio. 


SPEED  RATIO  AT  WHICH  THE  CURVES  CHANGE 

-  .870 

COEFFICIENTS  TO  THE  TWO 

SPEED  RATIO  VS 

TORQUF:  RATIO  CURVES 

CONSTANT 

X 

X**2 

X**3 

CURVE  1  0,23GOOOE+Ol 

-0.14800E-K)l 

0.319541E+00 

-0.38609E+00 

CURVE  2  0.717278E+02 

-0.23019E4O3 

0.24 961 8E+03 

-0.90207E+02 

COEFFICIENTS  TO  THE  TWO 

SPEED  RATIO  VS 

INPUT  CAPACITY 

FACTOR  CURVES 

CURVE  1  0.283000E+02 

0.297630E-K)2 

-0.10040E+03 

0.U3204E+O3 

CURVE  2  -0.46522E-H)5 

0.156412E-K)6 

-0.1/531E-K)6 

0.655903E+05 

COEFFICIENTS  TO  THE  TWO 

OUTPUT  CAPACITV 

’  FACTOR  VS  SPEED  RATIO  CURVES 

CURVE  1  0.5'2476E“02 

0.497067E-01 

-0.10521E-02 

0.835641E-05 

CURVE  2  0.487245E-+00 

0.137330E-01 

“0.13790E-03 

0.483642E-06 

TRANSMISSION  FAN  TORQUE 

LOSS  COEFFICIENTS 

O.OOOOOOE+OO 

O.OOOOOOE+OO 

O.OOOOOOE+OO 

O.OOOOOOE+OO 

COEFFICIENTS  FOR  TRANS 

INPUT  TORQUE  LOSS  CURVE 

CONVERTER  0.388960E+02 

0.355505E-01 

-0.10646E-05 

O.OOOOOOE+OO 

LOCKUP  0.388960E-K)2 

0.355505E-01 

-O.10046E-O5 

O.OOOOOOE+OO 

COEFFICIENTS  FOR  T  \NS  ' 

OUTPUT  TORQUE  LOSS  CURVE 

GEAR  CONSTANT 

X 

X**2 

X**3 

1  0.370579E+02 

0.327095E-01 

0.11428BE-O5 

0.280C/44E-09 

2  0.489163E+02 

0.400539E-01 

-0.15701E-04 

0.455355E-08 

3  0.818664E-K)2 

0,256677E-01 

-0.19742E-04 

0.6306G6E-08 

4  0.970775E-K)2 

5 

0.977782E-02 

-0.17140E-05 

0.426055E-08 

6 
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TRANSMISSION  DATA  SHEET 
(PAGE  3) 


The  following  data  Itema  require  1  entry  for  each  gear  ratio.  The 
simulation  can  accept  transulaslons  with  up  to  6(slx)  gear  ratios. 

The  transmission 'GEAR  MODE  represents  the  capability  of  a  hydrolclnetlc 
type  transmission.  The  modes  are: 

TRANSMISSION  GEAR  MODE  -  1  (CONVERTER  ONLY) 

-  2  (LOCKUP  ONLY) 

-  3  (BOTH  CONVERTER  AND  LOCKUP) 

When  the  transmission  type  is  MECHANICAL  then  the  TRANSMISSION  GEAR  MODE 
must  be  2  for  every  gear. 


TRANSMISSION  GEAR  MODE 


CONVERTER  SPEED  RATIO  FOR  LOCKUP 


TRANSMISSION  GEAR  RATIO 


TRANSMISSION  GEAR  EFFICIENCY 


TRANS  GEAR  OUTPUT  MOMENT  OF  INERTIA 


1-1 

2- 3 

3- 3 

4- 3 

5  -  _ 

6  - 


1  - 
2  - 

3  - 

4  - 

5  - 

6  - 


.86 

.86 

.86 

.86 


1  -  5.880 

2  -  3.020 

3  -  1.890 

4  -  1.280 

5  - 

6  - 


1  - 
2  - 

3  - 

4  - 

5  - 

6  - 

1  - 
2  - 

3  - 

4  - 

5  - 

6  - 


.940 

.940 

.940 

.950 


110. 

25. 

13. 

10. 
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TRANSMISSION  DATA  SHEET 
(PAGE  4) 


The  following  data  1r  used  In  the  fuel  consumption  simulation.  The 
TRANSMISSION  SHIFT  SCENARIO  la  the  normnl  gear  shifting  sequence  when 
the  vehicle  is  accelerating  or  decelerating.  The  TRANSMISSION  GEAR 
SHIFT  VALUES  represent  a  shift  line  for  a  particular  gear  condition; 
these  are  sets  of  horsepower  and  vehicle  speed  valued,  across  which  the 
transmission  will  shift  to  the  next  gear  In  the  TRANSMISSION  SHIFT 
SCENARIO.  There  will  only  be  TRANSMISSION  GEAR  SHIFT  VALUES  for  the 
conditions  which  have  a  1  In  the  TRANSMISSION  SHIFT  SCENARIO. 

TRANSMISSION  SHIFT  SCENARIO 
GEAR  CONVERTER  LOCKUP 

1  0  0 

2  11 

3  0  1 

4  0  1 

5  0  0 

6  0  0 


TRANSMISSION  GEAR  SHIFT  VALUES 


CONVERTER 

GEAR 

ITEM  HP 

1 

SPEED 

2 

HP  SPEED 

HP 

3 

SPEED 

HP 

4 

SPEED 

5 

HP  SPEED 

HP 

6 

SPEED 

1 

0, 

6.5 

2 

275. 

6.5 

3 

950. 

10.5 

4 

950. 

10.5 

LOCKUP 

GEAR 

ITEM  HP 

1 

SPEED 

2 

HP  SPEED 

HP 

3 

SPEED 

HP 

4 

SPEED 

5 

HP  SPEED 

HP 

6 

SPEED 

1 

0. 

12.0 

0. 

19.0 

0. 

45.0 

2 

175. 

12.0 

175. 

19.0 

950. 

45.0 

3 

700. 

17.5 

700. 

28.0 

950. 

45.0 

4 

1025.  17.5 

1000, 

.  28.0 

950. 

45.0 
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4.0  SIMULATION  OUTPUTS 


4.1  GRAPHICAL 

Currently,  the  PS**2  provides  five  types  of  graphical  output.  These  are 
as  folloi«s: 

o  Tractive  Force  vs  Speed 
o  Distance  vs  Time 
o  Speed  vs  Time 
o  Sprocket  Horsepower  vs  Speed 

o  Lines  of  Constant  Miles  per  Gallon  on  Sprocket  Horsepower  vs 
Speed 


See  Section  2.4,3  for  a  description  and  example  of  each  graph. 

4.2  TABULAR 

Currently,  PS**2  provides  three  types  of  tabular  output.  Each  is 
explained  in  more  detail  in  the  following  three  sections. 

4.2.1  TRACTIVE. FORCE. DATA  FILE.  The  TRACTIVE. FORCE. DATA  file  lists  the 
concept  information  and  all  input  data  for  the  engine  and  transmission. 
The  output  consists  of  data  for  all  the  engine  losses  and  a  list  of  tiie 
tractive  force,  sprocket  horsepower  and  speed  for  each  gear  range  for 
converter  mode  and  for  lockup  mode.  The  transmission  heat  rejection  for 
first  gear  range  is  also  listed. 

4.2.2  ACCEL. DATA  FILE.  The  AOCEL.DATA  file  contains  some  identifying 
information  about  the  Vehicle,  Engine,  and  Transmission,  a  list  of  the 
tractive  force  vs  speed  data  used  to  calculate  the  acceleration,  and  a 
list  of  acceleration  data  at  .01  sec  intervals.  The  infomation  in  this 
list  consists  of  the  time,  gear,  equivalent  weight  used  to  calculate 
acceleration,  total  resistance  at  the  present  speed,  total  tractive 
force  available,  acceleration  at  the  present  speed  (MPH),  distance  (FT), 
sprocket  horsepower,  mass  factor,  and  change  in  acceleration.  The  mass 
factor  represents  the  gross  vehicle  weight  plus  the  effect  of  the 
inertia  of  rotating  components  divided  by  the  gross  vehicle  weight, 

4.2.3  FUEL. DATA  FILE 

The  fuel .data  file  contains  a  list  of  the  input  data  for  the  vehicle, 
engine,  and  transmission.  The  output  consists  of  a  list  of  the  fuel 
consumption  in  MPG  for  every  gear  condition,  sprocket  horsepower  step, 
and  vehicle  speed  step.  There  is  also  a  list  of  speed  and  sprocket 
horsepower  data  for  the  constant  mileage  lines  for  each  gear  condition. 


b.0  ERROR  HANDLINK; 


5.1  ERRORS  mT  ARE  EASILY  REMEDIED 

Mode/Oata  errors  are  the  most  conroon  type  of  error  that  will  be 
encountered.  The  error  will  appear  when  the  wrong  type/tnode  of  data  has 
been  entered  or  ccmiias  have  boon  used  to  sepaxate  a  list  of  numbers. 

When  this  happ  ns  the  follc«ving  message  will  appear: 


SIMSCRIPT-W-ERROR  2084,  invalid  character  in  "I"  format  during  input 
Do  you  want  traceback?(yES,  NO  or  PRINT) 

The  answer  to  this  should  be  "NO,"  after  which  the  following  will 
appear: 

"Input  rest  of  line  starting  from  the  erroneous  fit^ld;" 

Now  the  correct  data  can  be  entered,  and  the  simulation  will  continue 
executing . 

5.2  ERRORS  THAT  CAUSE  SIMULATION  EXECUTION  TO  TEI^INATE 

When  ctti  error  is  encoiintered  that  causes  the  simulation  to  terminate  the 
following  message  will  appear; 


SIMSCRIPT'-F-ERROR  XXXX,  (a  comment  of  what  kind  of  error  was 
encountered.)  Do  you  want  traceback7(YES,  NO  or  PRINT) 


A  "YES”  will  cause  the  traceback  to  print  immediately  at  the  terminal; 
a  "NO"  will  give  t»o  traceback.  "PRINT"  will  put  the  traceback  on  the 
file  SIMU06.LIST.  Tlie  traceback  will  show  where  the  error  occurred  and 
list  other  information  about  the  simulation.  The  most  carmon  problem 
that  may  cause  the  simulation  to  terminate  is  a  mismatcn  between  the 
engine  and  the  transmission. 

Any  time  you  encounter  a  SIMSCRIPT  error,  which  causes  simulation 
execution  to  terminate,  it  is  important  to  obtain  a  hardcopy  of  the 
tracebacic.  This  can  be  accomplished  by  responding  to  the  traceback 
prcxnpt  with  "PRINT"  and  spooling  the  SIMU06.LIST  file  to  a  printer,  or 
responding  "YES"  and  coiiying  the  contents  of  the  screen  with  a  copying 
device.  Either  way,  take  the  tr.'ceback  to  the  Time  Share 
Computer  Branch  (AMSTA-RYT)  wiien  assistance  is  needed  in 
detemining  the  cause  of  simulation  termination. 


TiiKTRONlX  TRKMINAL  INFORMATION 


The  important  keys  on  this  terminal  are;  1)  the  TTY  LOCK,  located  at 
the  lower  left  of  the  keyboard,  which  will  make  the  terminal  type  in  all 
caps,  2)  the  BACKSPACE,  located  at  the  upper  right  of  the  keyboard, 
which  is  the  character  deletd,  3)  and  the  RUBOUT  key,  located  just  to 
the  right  of  the  CARRIAGE  RETURN,  which  is  the  line  delete  key.  If  the 
need  arises  to  stop  the  terminal  from  printing,  pressing  the 
CONTROL(CTRL)  key  and  the  **8”  simultaneously  will  halt  the  terminal;  to 
continue  press  "CONTROL  Q". 
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APPENPIX  B 

TAB  TERMINAL  INFORMATION 


B-1 


The  Important  keys  on  this  terminal  are:  1)  the  LOCK,  located  at  the 
lower  left  of  the  keyboard,  which  will  make  the  terminal  type  In  all 
caps  when  the  rad  light  is  on,  2)  the  BACKSPACE,  located  at  the  -poer 
right  of  the  keyboard,  which  la  the  character  delete,  3)  and  the  DELETE, 
located  just  to  the  right  of  the  RETURN,  which  Is  the  line  delete  key. 
On  the  TAB  terminal  the  listing  may  be  stopped  by  pressing  the  HOLD  key 
an  the  lower  left  hand  of  the  keyboard;  to  continue  press  the  key  a 
second  time. 


Al'PKNDIX  C 

UliCWRlTKR  (TTY)  TERMINAL 


C-l 


IN FORMAT ION 


The  Important  keys  on  this  terminal  are;  1)  the  CAPS  LOCK,  located  at 
the  lower  left  of  the  keyboard,  which  will  make  the  terminal  type  In  all 
caps,  2)  the  BACK  SPACE,  located  at  the  upper  right  of  the  keyboard, 
which  la  the  character  deletd,  and  3)  the  IXLETE  key,  located  Just  to 
the  right  of  the  RETURN,  which  la  the  line  delete  key. 


Al'PKNDIX  D 


SAMPLE  TERMINAL  SESSION 


The  following  Is  a  sample  of  a  terminal  session  using  the  Engine 
Transmission  Performance  Evaluation  Program. 


OK,  SEG  JAC0BS0N>PERF0RMANCE>PS**2 

WELCOME  TO  THE  PROPULSION  SYSTEM  PERFORMANCE  SIMULATION. 

SIMULATION  EXECUTION  WAS  INITIATED  AT  09.57.14  ON  12/20/83  . 

IF  YOU  HAVE  ANY  DIFFICULTIES  USING  THIS  SIMULATION,  CONTACT 
RICHARD  JACOBSON  AT  EXT.  45879/45999 

IT  IS  NECESSARY  FOR  YOU,  THE  USER,  TO  PROVIDE  SOME  INFORMATION 
SO  THAT  THE  SIMULATION  CAN  TAILOR  INPUTS  AND  OUTPUTS  FOR  YOU. 

ENTER  YOUR  RESPONSES  FOLLOWING  THE  AND  MAKi;  SURE  THEY 

ARE  IN  UPPERCASE.  IT  IS  ALSO  NECESSARY  TO  DEPRESS  THE  "RETURN"  KEY 

TO  TRANSMIT  YOUR  RESPONES  TO  THE  COMPUTER. 

ENTER  THE  BAUD  RATE  IN  CHARACTERS  PER  SECOND  (120  OR  960) 

>960 

ENTER  TERMINAL  TYPE 

1  ■■  TTY 

2  -  TOKTRONIX  4014 

3  -  RAMTEK  6211 

4  -  TAB  13 2 /G 

IF  YOU  ARE  UNSURE  OR  YOUR  TERMINAL  TYPE  IS  NOT  LISTED,  ENTER  1 
ENTER  NUMBER 
>1 

FOR  YOUR  CONVENIENCE,  THIS  SIMULATION  CONTAINS  A  SYSTEM  OF 
"PROMPTS"  WHICH  PROVIDE /REQUEST  INFORMATION.  THE  PROMPT  LEVEL  IS 
CURRENTLY  SET  TO  PROVIDE  THE  MAXIMUM  AMOUNT  OF  INFORMATION.  UNTIL 
YOU  BECOME  PROFICIENT  IN  THE  USE  OF  THIS  SIMULATION,  WE  RECOMMEND  NOT 
CHANGING  THE  LEVEL  OF  PROMPTING  PROVIDED. 

DO  YOU  WANT  TO  CHANGE  THE  PROMPT  LEVEL?  ENTER  YES(Y)  OR  NO(N) 

>NO 

ENTER  USER  ID 

>xxyYZz 

THIS  SIMULATION  HAS  THE  CAPABILITY  OF  CALCULATING  THE  TRACTIVE 
tORCE  VS  VEHICLE  SPEED  OF  AN  ENGINE  DRIVELINE  SYSTEM  AND  EVALUATING 
THE  FULL  POWER  ACCELERATION  AND  FUEL  CONSUMPTION  OF  A  VEHICLE  SYSTEM. 

THE  LIST  THAT  FOLLOWS  THIS  MESSAGE  SHOWS  THE  AVAILABLE  VEHICLES 
(WITH  THEIR  DEFAULT  ENGINES  AND  TRANSMISSIONS) 

AND  OTHER  AVAILABLE  ENGINES  AND  TRANSMISSIONS.  NOT  ALL  COMBINATIONS 
OF  ENiJINES  AND  TRANSMISSIONS  ARE  POSSIBLE.  THE  ENGINES  THAT  HAVE 
BEEN  MATCHED  WITH  A  PARTICULAR  TRANSMISSION  ARE  INCLUDED  IN  THE 
TRANSMISSION  DATA.  THERE  ARE  TWO  TYPES  OF  OUTPUT  WITH  THIS  SIMULATION. 
GRAPHS  CAN  BE  GENERATED  WITH  THE  GRAPH  OPTION  AND  NUMERICAL  DATA 
IS  OUTPUT  TO  FILES.  NUMERICAL  OUTPUT  FOR  TRACTIVE  FORCE  VS  SPEED 
IS  WRITTEN  TO  THE  FILE  TRACTIVE. FORCE. DATA  AND  THE  FULL  POWER  ACCELERATION 
DATA,  AT  0.1  SEC  INTERVALS,  IS  WRITTEN  TO  THE  FILE  ACCEL. DATA. 

FUEL  CONSUMPTION  DATA  IN  MILES  PER  GALLON  IS  WRITTEN  ON  THE  FILE  FUEL. DATA. 


l)--i 


A  LIST  OF  VEHICLES,  ENGINES  AND  TRANSMISSIONS  WILL  BE  LISTED 
BY  ENTERING  A  CARRIAGE  RETURN, 

DO  YOU  WANT  TO  SEE  THE  AMSTA-RG  CATALOG  ?  YES(Y)  OR  NO(N) 
>YES 

AMETA-RG  CATALOGED  DATA 


VEHICLE  WITH 

ENGINE  AND 

TRANSMISSION 

ENGINES 

TRANSMISSIONS 

M-60 

AVDS-1790 

CD-850-6A 

RC4-350.R0 

TX-IOO-IA 

M~48 

AVDS-1790 

CD-850 

6V53 

X-1100 

M-113-ITV 

6V53 

TX-IOO-IA 

AGT-1500 

X-300W/OTC 

M113-A1 

6V53 

TX-IOO-IA 

MTU-871HOT 

X-300 

XM-1 

AGT-1500 

X-llOO 

MTU-880CLD 

RENK-30A 

M-1 

AGT-1500 

X-llOC 

RR-CV12HOT 

AMX-1000 

XM-723.TB 

RG2.350TCB 

X-300.RC2E 

GT-601 

AMX-NO.TC 

M-A8.A5 

AVDS-1790 

CD-850 

GT-601. MKI 

X-300. RC 

DIVADS 

AVDS-1790 

CD-850 

GT-601. MIF 

CD-850-6A 

M~60.A3 

AVDS-1790 

CD-S50-6A 

AD lA. ACYL 

hmmwv:gmhy 

M-60.AX.A 

AVDS-1790 

CD-850-6A 

ADIA.6CYL 

X-250 

M-60.AX.B 

AVDS-1790A 

CD-850- 6A 

ADIA.8CYL 

ATT-A64 

M-60.AX.C 

AVDS-1790A 

CD-850-6A 

LCR. 903.8 

NPA35 

LVTP7 

RC2-350.65 

X-300.RC2E 

•GT-601. 800 

x-xxxx 

M-1. 62 

NONE 

NONE 

RC2.350TC 

X-200 

HMMWVIGM 

HMMWV.GM62 

HMMWV.GMHY 

RC2.350TCA 

MFC. TEST 

GT-601 

X-250 

GT-601 .MIB 

HSTVL 

AVCO-650 

X-300 

AVCR-1790 

RAM 

318 

NPA35 

V-903 . 800 

M-XXX 

AGT-1500 

X-1100 

V-903.80.1 

M-1.1 

AGT-1500 

X-1100 

RC2.350TCB 

(wove  not  shown) 


DO  YOU  WANT  TO  RECALL  A  VEHICLE,  ’NCINE  OR  TRANSMISSION  AT  THIS  TIME 
YE3(Y)  OR  NO<N) 

>YES 

DO  YOU  WANT  DATA  FROM  THE  AMSTA-RC  CATALOG  YES(Y)  OR  NO(N) 

>YES 

RECALL  ROUTINE;  ENTER  THE  ENT1TY(0R  ABBREVIATION) 

VEHICLE (V)  ENGINE (E)  TRANS(T)  RKTURN(RET) 

>VEHICLE 

ENTFR  THE  VEHICLE  NAME 
^M-l 

THE  VEHICLE  M-1  WAS  LOADED  FROM  THE  FILE 

RECALL  ROUTINE:  ENTER  THE  ENTJTY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETUyiN(RET) 

ENGINE 

DO  YOU  WANT  THE  VEHICLE  DEFAULT  ENGINE  LOADED  TES(Y)  OR  NO(N) 

>YEr 

THE  ENGINE  AGT-1500  WAS  LOADED  FROM  THE  FILE 
RECALL  ROUTINE:  ENTER  THE  KMTITY(CR  ABBREVIATION) 

VKHICLE(V)  E:;'’INE(E  >  THANS(T)  1  ETIIHN  (RET ) 


I)  -  A 


>TRANS 

DO  YOU  WANT  THE  VEHICLE  DEFAULT  TRANSMISSION  LOADED  YES(Y)  OR  NO(N) 

>YES 

THE  TRANSMISSION  X-1100  HAS  BEEN  LOADED 
RECALL  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>RETURN 

TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 

COMPONENT(CD)  SIMULATE (SIM)  GRAPH (G)  OR  STOP(S) 

>DATABASE 

DATABASE  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  ; 

CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

>CREATE 

CREATE  ROUTINE;  ENTER  THE  ENTI'rY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>VEH1CLE 

A  VEHICLE  ALREADY  EXISTS 

CREATE  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>ENGINE 

AN  ENGINE  ALREADY  EXISTS 

CREATE  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>TRANS 

A  TRANS  ALREADY  EXISTS 

CREATE  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>RETURN 

DATABASE  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 

CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  qUERY(Q)  RETURN(RET) 

>LIST 

LIST  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETU«W(RET) 

>VEHICLE 

VEHICLE  NAME  -  M-1 

DEFAULT  ENGINE  -  AGT-1 500 


DEFAULT  TRANSMISSION 

m 

X-llOO 

GROSS  VEHICLE  WEIGHT 

m 

120000 

LB 

PRIMARY  ROAD  ROLLING  RESISTANCE 

90 

LB/TON 

SECONDARY  ROAD  ROLLING  RESISTANCE 

- 

100 

LB/TON 

CROSS  COUNTRY  ROLLING  RESISTANCE 

180 

LB /TON 

FRONTAL  AREA 

.  - 

80 

FT*’Y2 

LB 

LIST  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 
VEHICLE  (V)  EN(:iNE(E)  TKANS(T)  RETURN  (RET) 

>ENCTNE 
ENGINE  NAME  - 


ACT-] 500 


ENG  MAX  GROSS  HP 

- 

1500 

HP 

ISTAL  LOSS  FACTOR 

m 

0.967 

STD  TEMPERATURE 

m 

60 

DEG  F 

ALTITUDE 

m 

0 

FT 

RATED  ENG  RPM 

■ 

3000 

RPM 

ENG  IDLE  RPM 

■ 

1000 

RPM 

ENG  SPEED  FOR  SHIFT 

w 

2950 

RPM 

ENGINE  PPM  VS  GROSS 

TORQUE  MATRIX 

RPM  FT~LBF  RFM  FT-LBF  RPM  FT-LBF  RPM  FT-LBF 


800 

4450 

1000 

4300 

1200 

4150 

1400 

4000 

1500 

3940 

1600 

3850 

2000 

3550 

2400 

3200 

2800 

2790 

3000 

2625 

COEFF'S 

TO  TEMP  AND  ALTITUDE  CORRECTION  FACTOR 

CURVES 

CONSTANT 

X 

X**2 

X**3 

TEMP 

0.141861E401 

-0.46512E-02 

O.OOOOOOE+OO 

0.000000E-K)0 

ALTITUDEO. lOOOOOE+Ol 

-0.32500E-04 

O.OOOOOOE+00 

O.OOOOOOE+OO 

ALTITUDE  CORRECTION 

TEMPERATURE  CORRECTION 

OF  ] 

FULL  POWER 

TEMPERATURE 

100 

0 

100 

60 

97 

1000 

100 

70 

93 

2000 

100 

80 

90 

3000 

100 

90 

87 

4000 

95 

100 

84 

5000 

91 

110 

80 

6000 

86 

120 

77 

7000 

81 

130 

74 

8000 

77 

140 

71 

9000 

72 

150 

COEFFICIENTS  TO  ENGINE  TORQUE  LOSJ 

:  CURVES 

CONSTANT 

X 

X**2 

X**3 

ACC 

O.000000E4O0 

O.OOOOOOE+00 

O.OOOOOOE+00 

O.OOOOOOE+OO 

ALT 

0.115280E+03 

-0.2341 5E-01 

O.OOOOOOE+OO 

O.OOOOOOE+OO 

ENG  FAN 

O.OOOOOOE-^00 

0.145049E-02 

0.186072E-04 

0.150022E-09 

ACCESSORY  ALTERNATOR  ENGINE  FAN 

RPM 

TQ  RPM 

TQ  RPM 

TQ 

400 

0  400 

111  400 

1 

600 

0  600 

106  600 

4 

800 

0  800 

101  800 

8 

1000 

0  1000 

97  1000 

13 

1200 

0  1200 

92  1200 

20 

1400 

0  1400 

87  1400 

29 

1600 

0  1000 

82  1600 

39 

1800 

0  1800 

78  1800 

51 

I) 


6 


2000 

0 

2000 

73 

I’OOO 

64 

2200 

0 

2200 

68 

2200 

79 

2400 

0 

2400 

64 

2400 

95 

2600 

0 

2600 

59 

2600 

113 

2800 

0 

2800 

54 

2800 

132 

3000 

0 

3000 

50 

3000 

153 

3200 

0 

3200 

45 

3200 

176 

FUEL  CONSUMPTION  HORSEPOWER  STEP  SIZE  IS  100 
FUEL  CONSUMPTION  SPEED  STEP  SIZE  IS  300 


ENGINE 

FUEL 

CONSUMPTION  MAP 

15001 

1.41 

1.26 

1.11 

0.96 

0.81 

0.66 

0.60 

0.56 

0.52 

0.50 

0.50 

14001 

1.30 

1.17 

1.04 

0.91 

0.78 

0.66 

0.59 

0.55 

0.51 

0.49 

0.48 

1300 1 

1.20 

1.09 

0.98 

0.87 

0.76 

0.65 

0.58 

0.53 

0.49 

0.48 

0.48 

12001 

1.09 

1.00 

0.91 

0.82 

0.73 

0.64 

0.57 

0.51 

0.49 

0.48 

0.48 

1100 1 

0.99 

0.92 

0.84 

0.77 

0.70 

0.63 

0.55 

0.51 

0.49 

0.48 

0.48 

1000  1 

1.06 

0,97 

0.88 

0.79 

0.71 

0-62 

0.54 

0.52 

0.50 

0.49 

0.49 

9001 

800  i 

1.28 

1.14 

0.99 

0.85 

0.70 

0.62 

0.56 

0.52 

0.51 

0.50 

0.50 

1.30 

1.15 

1.00 

0.84 

0.69 

0.61 

0.56 

0.53 

0.52 

0.52 

0.52 

700 1 

1.25 

1.11 

0.97 

0.83 

0.68 

0.61 

0.58 

0.55 

0.54 

0.53 

0.54 

600  1 

1.22 

1.09 

0.96 

0.83 

0.70 

0.63 

0.59 

0.57 

0.56 

0.56 

0.57 

5001 

1.19 

1.07 

0.95 

0.84 

0.71 

0.64 

0.61 

0.59 

0.59 

0.59 

0.61 

400  1 

1.42 

1.24 

1.06 

0.87 

0.74 

0.67 

0.64 

0.63 

0.63 

0.64 

0.67 

3001 

2.26 

1.63 

1.00 

0.91 

0.77 

0.70 

0.6S 

0.69 

0.70 

0.72 

0.76 

2001 

2.08 

1.65 

1.22 

0.98 

0.83 

0.78 

0.78 

0.80 

0.85 

0.90 

0.95 

100 1 

1.91 

1.66 

1.44 

1.11 

1.00 

1.00 

1.14 

1.19 

1.28 

1.43 

1.46 

o| 

-1 _ 

1.73 

1.68 

1.66 

1.68 

1.95 

1.95 

1.85 

2.14 

2.00 

2.14 

2.03 

0 

300 

600 

900 

1200 

1500 

1800 

2100 

2400 

2700 

3000 

ENGINE  HORSEPOWER  VS  ENGINE  RPM 

LIST  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 
VEHICLE  (V)  ENGINE  (E)  TRANS  (T 'I  RETURN  (RET) 

>TRANS 

DATA  FOR  TRANSMISSION  X-llOO 

WHICH  HAS  BEEN  MATCHED  WIIH  THE  FOLLOWING  ENGINES 
NUMBER  ENGINE  NAME 


1  RC4-350.RO 

2  AGT-1500 

3  TWIN-903.1 

4  TWIN-903. 2 

5  TWIN-903 'S 

6  ONE. 903.1 

7  ONE. 903. 2 

H  ONE. 903. 3 

9  KTD-871HOT 

10  AVCR-1360 

1 1  MACK-E-9 
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12  TWIN-903 'S 

13  TWIN-E-9'S 

14  TWIN-903.1 

15  TWIN-903.2 

16  ONE. 903.1 

17  ONE. 903. 2 

18  ONE. 903. 3 

19  RR-CV12HOT 

20  MTU-880H0T 

21  MTU-880CLD 

22  TO  RETURN 

ENTER  NUMBER  TO  LIST  DATA  OR  RETURN 

>2 

TRANS  NAME  -  X-llOO  HYDROKINETIC  WITH  TC-897-3B  CONVERTER 

TRANSMISSION  GEAR  SHIFT  TIME  •  0.05  SEC 

TRANSMISSION  MOMENT  OF  INERTIA  -  3.000  FT-LB-SEC**2 


DATA  FOR  AGT-1500  ENGINE 


ENGINE  TO  TRANS  GEAR  RATIO  AND  EFFICIENC 
TRANSFER  CASE 'GEAR  RATIO  AND  EFFICIENCY 
FINAL  DRIVE  GEAR  RATIO  AND  EFFICIENCY 
FINAL  DRIVE  MOMENT  OF  INERTIA 
SPROCKET  PITCH  RADIUS 
NUMBER  OF 'GEARS  -  4  STARTING 'GEAR 


1.000  1.000 
1.000  1.000 
4.300  0.980 

7.520  FT-LBF  SEC**2 
1.120  FT 


ENGINE 

SPEED 

TRANS 

SPEED 

RATIO 

TRANS 

TRANS 

'GEAR 

FOR 

FOR 

GEAR 

GEAR 

MNT  OF 

'GEAR 

MODE 

LOCKUP 

LOCKUP 

EFF 

RATIO 

INERTIA 

1 

1 

2900 

0.860 

0.940 

5.880 

110.00 

2 

3 

2900 

0.860 

0.940 

3.020 

25.000 

3 

3 

2900 

0.860 

0.940 

1.890 

13.000 

4 

3 

2900 

0.860 

0.950 

1.280 

10.000 

0.870  IS  THE  SPEED  RATIO  AT  WHICH  THE 
INPUT  CAPACITY  FACTOR  AND  TORQUE  RATIO 
CURVES  CHANGE 


COEFFS  TO  THE  TWO  SPEED  RATIO  VC  TORQUE  RATIO  CURVES 
CONSTANT  X  X**2  X**3 

CURVE  1  0.230000E+0]  -0. 14800E-K)1  0 .31954lE-K)0  -0.38609E-K)0 
CURVE  2  0.717270E+02  -0.23019E-K)3  0.2496l8E^03  -U.90207EH02 


COEFFS  TO  THE  TWO  SPEED  RATIO  VS  INPUT  CAPACITY  FACTOR  CURVES 
CURVE  1  0.283000EI-02  0.297630E+02  -0.10040E+03  0. 113204EH)3 

CURVE  2  -•0.4f)522E+O5  0 . 156412E-H)6  -0.17331E+06  0 . 655903E-K)3 


COEFFS  TO  THE  'IWO  SPEED  RATIO  VS  OUTPUT  CAPACITY  FACTOR  CURVES 
CURVE  1  0.572476F,-()2  0.497067K-01  -0.10521E-02  0.835641E-05 
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CURVE  2  0.487245E-K)0  0.137330E-01  -0.13790E-03  0.483642E-06 


SPEED  RATIO 

TORQUE  RATIO 

INPUT  CAPACITY 

SPEED  RATIO 

OUTPUT  CAPACITY 

0.00 

2.30 

28.3 

0.01 

0.0 

0.10 

2.15 

30.4 

0.65 

20.0 

0.20 

2.01 

31.1 

0.85 

40.0 

0.30 

1.87 

31.2 

1.00 

60.0 

0.40 

1.73 

31.4 

0.95 

80.0 

0.50 

1.59 

32.2 

0.97 

100.0 

0.60 

1.44 

34.5 

0.99 

120.0 

0.70 

1.29 

38.8 

1.00 

140.0 

0.80 

1.12 

45.8 

1.00 

160.0 

0.90 

0.99 

59.4 

1.00 

180.0 

1.00 

0.95 

165.9 

1.00 

200.0 

TRANSMISSION  FAN  TORQUE  LOSS  COEFFICIENTS 

O.OOOOOOEWO  O.OOOOOOE+00  O.OOOOOOE+00  O.OOOOOOE+00 

COEFFICIENTS  FOR  TRANS  INPUT  TORQUE  LOSS  CURVE 
CONVERTER 

0.388960E-f02  0.355505E-01  -0.10646E-05  O.OOOOOOE-fOO 

LOCKUP 

0.388960E+02  0.355505E-01  -0.10646E-05  O.OOOOOOE+OO 


RPM 

TRANS  FAN  LOSS  INPUT  LOSS 

CONV  INPUT  LOSS 

LOCKUP 

0 

0.0 

38.9 

38.9 

200 

0.0 

46.0 

46.0 

400 

0.0 

52.9 

52.9 

600 

0.0 

59.8 

59.8 

800 

0.0 

66.7 

66.7 

1000 

0.0 

73.4 

73.4 

1200 

0.0 

80.0 

80.0 

1400 

0.0 

86.6 

86.6 

1600 

0.0 

93.1 

93.1 

1800 

0.0 

99.4 

99.4 

2000 

0.0 

105.7 

105.7 

2200 

0.0 

112.0 

112.0 

2400 

0.0 

118.1 

118.1 

2600 

0.0 

124.1 

124.1 

2800 

0.0 

130.1 

130.1 

3000 

0.0 

136.0 

136.0 

COEFFICIENTS  FOR 

TRANS  OUTPUT  TORQUE  LOSS  CURVE 

GEAR 

CONSTANT 

X 

X**2 

X**3 

1 

0.370579EK)2 

0.32 709 5E-01 

0.114288E-05 

0. 28004 4E-09 

2 

0.489163E-K)2 

0.400539K-01 

-0.15701E-04 

0.455355E-08 

3 

0.818664E+02 

0.256677E-01 

-0.19742E-04 

0.630666E-08 

4 

0.970775E+02 

0.977782E-02 

-0.1714UE-05 

0.426055E-08 

TRANSMISSION  OUTPUT  TORQUE  LOSS 
RPM  GEAR  1  GEAR  2  GEAR  3  GEAR  4  GEAR  ■)  GEAR  6 


1) 


9 


37 

49 

82 

97 

44 

56 

86 

99 

50 

63 

39 

101 

57 

68 

92 

103 

64 

73 

93 

106 

71 

78 

94 

109 

78 

82 

95 

114 

86 

87 

96 

119 

93 

91 

98 

126 

101 

97 

101 

134 

109 

103 

105 

144 

118 

110 

110 

156 

126 

118 

117 

170 

135 

127 

126 

186 

144 

138 

137 

205 

153 

151 

151 

226 

TRANSMISSION  SHIFT  SCENARIO 
GEAR  2  CONVERTER 
GEAR  2  LOCKUP 
GEAR  3  LOCKUP 
GEAR  4  LOCKUP 

TRANSMISSION  GEAR  SHIFT  VALUES 


2  CONV 

2 

LU 

3  LU 

4 

LU 

HP 

SPEED 

HP 

SPEED 

HP  SPEED 

HP 

SPEED 

0.0 

7 

0.0 

12 

u.O 

19 

0.0 

45 

275 

7 

175 

12 

175 

19 

950 

45 

950 

11 

700 

18 

700 

28 

950 

45 

950 

11 

1025 

18 

1000 

28 

950 

45 

DATA  FOR  TRANSMISSION  X-llOO 

WHICH  lUS  BEEN  MATCHED  WITH  THE  FOLLOWING  ENGINES 
NUMBER  ENGINE  NAME 


RC4-350.RO 
AGT-1500 
l'WIN-903.1 
TWIN-903.2 
TWIN-903 'S 
ONE. 903.1 
ONE. 903. 2 
ONE. 903. 3 
MTU-871HOT 
AVCU-1360 
MACK-E-9 
TWIN-903 'S 
TWIN-E-9'S 
TWIN-903.1 
TWIN-903.2 
ONE. 903.1 


17  ONE. 903 -2 

18  ONE. 903. 3 

19  RR-CV12H0T 

20  MTU-880H0T 

21  MTU-880CLD 

22  TO  RETURN 

ENTER  NUMBER  TO  LIST  DATA  OR  RETURN 

>22 

LIST  ROUTINE;  ENTER  THE  ENnTY(OR  ABBREVIATION) 
VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>RETURN 

DATABASE  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERy(Q)  UETnRN(RKT) 

>CHANGE 

CHANGE  ROUTINE;  ENTER  THE  ENTITY  (OR  ABBREVIATION) 
VEHICLE  (V)  ENGINE  (E)  TRANS  (T)  RETURN  (RET) 
>VEHICLE 

FOLLOWING  IS  A  LIST  OF  CHANGEABLE  VEHICLE  ATTRIBUTES: 

1  -  VEHICLE  NAME 

2  -  DEFAULT  ENGINE 

3  -  DEFAULT  TRANSMISSION 

A  -  GROSS  VEHICLE  WEIGHT  (LB) 

5  "  ACTIVE  TRACK  WEIGHT  (LBM) 

6  -  PRIMARY  ROAD  ROLLING  RESISTANCE  (LBF/TON) 

7  -  SECONDARY  ROAD  ROLLING  RESISTANCE  (LBF/TON) 

8  -  CROSS  COUNTRY  ROLLING  RESISTANCE  (LBF/TON) 

9  -  FRONTAL  AREA  (FT**2) 

10  -  AIR  DRAG  COEFFICIENT  (REAL) 

11  -  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>1 

PRESENT  VEillCLE  NAME  IS  H-1 
ENTER  THE  NEW  VEHICLE  NAME  (<11  CHARACTERS) 

>M-1E1 

NEW  VEHICLE  NAME  IS  M-lEl 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 
>11 

CHANGE  ROUTINE:  ENTER  THE  ENTITY  (OR  ABBREVIATION) 
VEHICLE  (V)  ENGINE  (E)  TRANS  (T)  RETURN  (RET) 
>ENGINE 

FOLLOWING  IS  A  LIST  OF  THE  CHANGEABLE  ENGINE  ATTRIBUl’ES: 
1  -  ENGINE  NAME 

7.  -  ENGINE  MAXIMUM  GROSS  HORSEPOWET 

3  -  INSTALLATION  LOSS  FACTOR 

4  -  STANDARD  TEMPERATURE 

5  -  STANDARD  ALTITUDE 

6  “  RATED  ENGINE  RPM 

7  -  ENGINE  IDLE  RPM 

8  -  ENGINE  SPEED  FOR  SHIFT 

9  -  NUMBER  OF  RPM  VS  TORQUE  OR  HORSEPOWER  VALUES 
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ENGINE  RPM  VS  GROSS  TORQUE  OR  HORSEPOWER 

10  -  ACCESSORY  POWER  LOSS 

11  -  ALTERNATOR  POWER  LOSS 

12  -  ENGINE  FAN  POWER  LOSS 

13  -  TEMPERATURE  LOSS  FACTOR 

14  -  ALTITUDE  LOSS  FACTOR 

15  -  ENGINE  FUEL  CONSUMPTION  MAP 

16  -  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>1 

PRESENT  ENGINE  NAME  IS  AGT-1500 
ENTER  NEW  ENGINE  NAME  (<11  CHARACTERS) 

>AGT-2000 

ENGINE  NAME  IS  NOW  AGT-2000 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 
>16 

CHANGE  ROUTINE:  ENTER  THE  ENTITY  (OR  ABBREVIATION) 
VEHICLE  (V)  ENGINE  (E)  TRANS  (T)  RETURN  (RET) 
>TRANS 

FOLLOWING  IS  A  LIST  OF  CHANGEABLE  TRANSMISSION  ATTRIBUTES 

1  -  TRANSMISSION  NAME 

2  «  TRANSMISSION  GEAR  SHIFT  TIME 

3  "  TRANSMISSION  MOMENT  OF  INERTIA 

4  -  LIST  THE  COMPATIBLE  ENGINES 

5  -  CREATE  A  NEW  ENGINE  FROM  AN  EXISTING  ONE 

6  •  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>1 

PRESENT  TRANSMISSION  NAME  IS  X-1100 
ENTER  NEW  TRANSMISSION  NAME  (<11  CHARACTERS) 

>X-1J00 

TRANSMISSION  NAME  IS  NOW  X-1300 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 
>4 


ENGINE 

1 

RC4-350.R0 

ENGINE 

2 

AGT-1500 

ENGINE 

3 

TWIN-903,1 

ENGINE 

4 

TWIN-903.2 

ENGINE 

5 

TWIN-903 'S 

ENGINE 

6 

ONE. 903,1 

ENGINE 

7 

ONE. 903.2 

ENGINE 

fi 

ONE. 903. 3 

ENGINE 

9 

MTU- 871 HOT 

ENGINE 

10 

AVCR-1360 

ENGINE 

11 

MACK-E-9 

ENGINE 

12 

TWIN-903 'S 

ENGINE 

13 

TWIN-E-9'S 

ENGINE 

14 

'l'WIN-903,1 

ENGINE 

15 

TWIN-903.2 

ENGINE 

16 

ONE. 903.1 

ENGINE 

17 

ONE. 90 3. 2 

ENGINE 

18 

ONE. 903.3 

ENGINE 

19 

RR-CV12H0T 

ENGINE 

20 

MTU-880HOT 

ENGINE 

21 

MTU-880CLD 

IS  A  COMPATIBLE 

ENGINE  TO  BE 

CHANGED  YES(Y)  OR  NO(N) 

>YES 

ENTER  NUMBER 

OF 

ENGINE  TO  BE 

CHANGED 

>2 

THE  FOLLOWING  IS  A  LIST  OF  CHANGEABLE  TRANSMISSION  ENGINE  DEPENDENT  ATTRIBUTES: 

1  -  DEPENDENT  ENGINE  NAME 

2  -  CONVERTER  DESIGNATION 

3  -  ENGINE  TO  TRANSMISSION  GEAR  RATIO  AND  EFFICIENCY 

4  »  TRANSFER  CASE  GEAR  RATIO  AND  EFFICIENCY 

5  “  STARTING  GEAR 

6  -  TRANSMISSION  FAN  TORgUE  LOSS  CURVE  COEFFICIENTS 

7  -  FINAL  DRIVE  GEAR  RATIO  AND  EFFICIENCY 

8  -  SPROCKET  PITCH  RADIUS 

9  -  FINAL  DRIVE  MOMENT  OF  INERTIA 

10  -  SPEED  RATIO  VS  TORQUE  RATIO  CURVE  COEFFICIENTS 

11  -  SPEED  RATIO  VS  INPUT  CAPACITY  FACTOR  CURVE  COEFFICIENTS 

12  -  OUTPUT  CAPACITY  FACTOR  VS  SPEED  RATIO  CURVE  COEFFICIENTS 

13  -  ENGINE  SPEED  FOR  LOCKUP 

14  -  SPEED  RATIO  FOR  LOCKUP 

15  -  TRANSMISSION  GEAR  RATIO  AND  EFFICIENCY 

16  -  TRANSMISSION  GEAR  MOMENT  OF  INERTIA 

17  -  TRANSMISSION  GEAR  MODE 

18  -  TRANSMISSION  INPUT  TORQUE  LOSS  CURVE  COEFFICIENTS 

19  -  TRANSMISSION  OUTPUT  TORQUE  LOSS  CURVE  COEFFICIENTS 

20  -  TRANSMISSION  SHIFT  SCENARIO  DATA 

21  -  NUMBER  OF  GEARS 

22  -  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>1 

PRESENT  DEPENDENT  ENGINE  IS  AGT-1500 
ENTER  NEW  DEPENDENT  ENGINE  NAME  (<ll  CHARACTERS) 

>AGT-2000 

NO  ENGINE  NAME  AGT-2000  IS  ON  FILE 
IS  THIS  NAME  CORRECT  YES(Y)  OR  NO(N)  ? 

>YES 

THE  DEPENDENT  ENGINE  NAME  IS  NOW  AGT-2000 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 
>22 

FOLLOWING  IS  A  LIST  OF  CHANGEABLE  TRANSMISSION  ATTRIBUTES: 

1  “  TRANSMISSION  NAME 

2  -  TRANSMISSION  GEAR  SHIFT  TIME 

3  -  TRANSMISSION  MOMENT  OF  INERTIA 

4  -  LIST  THE  COMPATIBLE  ENGINES 

5  -  CREATE  A  NEW  ENGINE  FROM  AN  EXISTING  ONE 

6  -  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 
>5 
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ENGINE 

1 

RC4-350.R0 

ENGINE 

2 

ACT-2000 

ENGINE 

3 

I-W  IN-903.1 

ENGINE 

4 

TWIN-903. 2 

ENGINE 

5 

TWIN-903'S 

ENGINE 

6 

ONE. 903.1 

ENGINE 

7 

ONE. 903.2 

ENGINE 

8 

ONE. 903. 3 

ENGINE 

9 

MTU-871HOT 

ENGINE 

10 

AVCR-1360 

ENGINE 

U 

MACK-E-9 

ENGINE 

12 

TVIN-903'S 

ENGINE 

13 

TWIN-E-9'S 

ENGINE 

14 

TWIN-903.1 

ENGINE 

15 

TWIN-903.2 

ENGINE 

16 

ONE. 903.1 

ENGINE 

17 

ONE. 903. 2 

ENGINE 

18 

ONE. 903. 3 

ENGINE 

19 

RR-CV12H0T 

ENGINE 

20 

MT'U-’880H0T 

ENGINE 

21 

MTTJ-aaOCLD 

ENTER  THE  NUMBER 

OF  THE  ENGINE  TO  USED  (INTEGER) 

ENTER  THE  NAME  OF  THE  NEW  ENGINE  (10  CHARACTERS) 

>AGT-3000 

FOLLOWING  IS  A  LIST  OF  CHANGEABLE  TRANSMISSION  ATTRIBUTES: 

1  -  TRANSMISSION  NAME 

2  -  TRANSMISSION  GEAR  SHIFT  TIME 

3  TRANSMISSION  MOMENT  OF  INERTIA 

4  «  LIST  THE  COMPATIBLE  ENGINES 

5  -  CREATE  A  NEW  ENGINE  FROM  AN  EXISTING  ONE 

6  -  RETURN 

ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>6 

CHANGE  ROUTINE:  ENTER  THE  ENTITY  (OR  ABBREVIATION) 
VEHICLE  (V)  ENGINE  (E)  TRANS  (T)  RETURN  (RET) 
>KETURN 

COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION) 
CREATE (CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  qUERY(Q)  RETURN(RET) 

>SAVE 

SAVE  ROUTINE:  ENTER  THE  ENT1TY(0R  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>VE11ICLE 

THE  VEHICLE  CALLED  M-lEl  JIAS  BEEN  SAVED  ON  FILE 

SAVE  ROUTINE:  ENTER  HE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINIUE)  TRANS(T)  RETURN(RET) 

>ENGINE 

THE  ENGINE  CALLED  AGT-2000  HAS  BEEN  SAVED  ON  FILE 
SAVE  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHTCLE(V)  ENGTNE(K)  TUANS(T)  RETURN(RET) 
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>TRANS 

THE  TRANSMISSION  CALLED  X-1300  HAS  BEEN  SAVED  ON  FILE 
SAVE  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINF,(E)  TRANS(T)  RETURN(RET) 

>RETURN 

COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  qUERV(Q)  RETURN(RET) 

>RECALL 

DO  YOU  WANT  DATA  FROM  THE  AMSTA~RG  CATALOG  YES(Y)  OR  NO(N) 

>YES 

RECALL  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>VEHICLE 

YOU  ALREADY  HAVE  A  VEHICLE 

IT  MUST  BE  DELETED  TO  LOAD  ANOTHER  VEHICLE 

RECALL  ROUTINE:  ENTER  THE  ENT1TY(0R  ABBREVIATION) 

VEHICLE (V)  ENGINE (E)  TRANS (T)  RETURN(RET) 

>ENGINE 

YOU  ALREADY  HAVE  AN  ENGINE 

IT  MUST  BE  DELETED  TO  LOAD  ANOTHER  ENGINE 

RECALL  ROUTINE:  ENTER  THE  ENTITY (OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>TRANS 

YOU  ALREADY  HAVE  A  TRANSMISSION 

IT  MUST  BE  DELETED  TO  LOAD  ANOTHER  TRANSMISSION 

RECALL  ROUTINE:  ENTER  THE  ENTITY (OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>RETURN 

COMPONENT  DATA  HANDLER;  ENTER  A  COMMAND  (OR  ABBREVIATION)  ; 
CREATE(CR)  LIST(L)  CHAMGE(CH)  SAVE(S) 

RECALL(R)  DELKTE(D)  QUERY(Q)  RETURN(RET) 

> DELETE 

DELETE  ROUTINE:  ENTER  THE  ENT1TY(0R  ABBREVIATION) 

VEHTCLE(V)  ENGINE(K)  TRANS(T)  RETURN(RET) 

>VEHICLE 

WARNING!!!  YOU  MAY  HAVE  PREVIOUSLY  CHANGED  OR  CREATED  THE  VEHICLE, 
AND  THIS  DATA  HAS  NOT  BEEN  SAVED 

DO  YOU  WANT  TO  RETURN  TO  THE  COMTONENT  DATA  HANDLER 
TO  SAVE  THiS  DATA?  YES(Y)  OR  NO(N) 

>NO 

VEHICLE  DELETED 

DELETE  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>ii;ngine 

WARNING!!!  YOU  MAY  HAVE  PREVIOUSLY  CHANGED  OR  CREATED  TIIE  ENGINE, 
AND  THIS  DATA  HAS  NOT  BEEN  SAVED 

no  YOU  WANT  TO  RETURN  TO  THE  COMPONENT  DATA  HANDLER 
TO  SAVE  THIS  DATA?  YES(Y)  OR  NO(N) 
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>N0 

ENGINE  DELETED 

DELETE  ROUTINE;  ENTER  THE  ENT1TY(0R  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>TRANS 

TRANS  DELETED 

DELETE  ROUTINE;  ENTER  THE  ENTITY(OR  ABBREVIATION) 
VEHICLE<V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>RETURN 

COMPONENT  DATA  HANDLER;  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 
CREATE(CR)  LIST(L)  C51ANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

>QUERY 

DO  YOU  WANT  TO  SEE  THE  AMSTA-RC  CATALOG  7  YES(Y)  OR  NO(N) 
>NO 

USER  CATALOGED  LATA 


VEHICLE  WITH  ENGINE  AND  TRANSMISSION  ENGINES  TRANSMISSIONS 


M-60  AVDS-1790  CD-850-6A  AVDS-1790  CD-850-6A 

M-1  AGT-1500  X-1100  AGT-1500  X-1100 

RAM.l  318  NPA35  318.1  MP435.1 

M-l.X  AGT-1500  X-1100  AGT-1500. X  X-1100. X 

COMIXINENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 

CREATE(CR)  LTST(L)  CHANGE(CII)  SAVE(S) 

RECALL(Il)  DELETE(D)  QUERY(Q)  RETURN(RET) 

COMPONENT  DATA  HANDLER;  ENTER  A  COMMAND  (OR  ABBREVIATION)  ; 

CREATE(CR)  LIST(L)  CHANGE(CH)  SAVE(S) 

RECALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

>RETURN 

TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIA  IONS) 
COMPONENT(CD)  SIMUUTE(SIM)  GRAPn(C)  OR  STOP(S) 

>SIMULATE 

ENTER  CONCEPT  TITLE  (WHICH  WILL  APPEAR  ON  GRAPHS) 

(10  CHARACTERS  OR  LESS  WITH  NO  BLANKS) 

>TEST 

SIMULATION  FACILITY;  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POWER  ACCELERATION  PERFORMANCE 

3  -  FUEL  CONSUMPTION 

4  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>1 

DO  YOU  WANT  TO  (l)SAVE,  (2)SP00L,  (3)DELETE  OR  (AJCONTINIJE 
THE  PRESENT  TRACTIVE. FORCE. DATA  FILE 
>3 

IN  ROUTINE  TO  FIND  TIUCTIVE  FORCE  VS  SPEED 

OUTPUT  IJ.STING  WILL  BE  ON  THE  FILE  TRACTIVE. FORCE. DATA 

THE  AMBIENT  TEMPERATURE  IS  60  DEG  F  THE  ALTITUDE  IS  0  FT 

DO  YOU  WANT  TO  CHANGE  THESE  VALUES  YES(Y)  OR  NO(N) 

>N0 
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THE  TRACTIVE  FORCE  VS  SPEED  SIMULATION  IS  COMPLETE 
OUTPUT  FILE  IS  TRACTIVE. FORCE. DATA 

SIMULATION  FACILITY:  THE  FOLLOWING  SIMULATIONS/OPERATIONS  CAN  BE  PERFORMED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POWER  ACCELERATION  PERFORMANCE 

3  -  FUEL  CONSUMPTION 

4  -  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUR  CHOICE 

>2 

DO  YOU  WANT  TO,  l(SAVE),  2(SPOOL),  3(DELETE)  OR  4(CONTINUE) 

THE  PRESENT  ACCEL. DATA  FILE  ? 

3 

OUTPUT  DATA  WILL  BE  ON  THE  FILE  CALLED  ACCEL. DATA 
IN  ROUTINE  TO  SIMULATE  FULL  POWER  ACCELERATION 
SET  THE  ROLLING  RESISTANCE 

1  -  PRIMARY  ROAD  ROLLING  RESISTANCE  IS  90  LB/TON 

2  -  SECONDARY  ROAD  ROLLING  RESISTANCE  IS  100  LB/TON 

3  -  CROSS  COUNTRY  ROLLING  RESISTANCE  IS  180  LB/TON 

4  -  OTHER  AS  DESIRED 

>1 

THE  TRACTION  COEFFICIENT  IS  0.75 

DO  YOU  WANT  TO  CHANGE  THE  TRACTION  COEFFICIENT  YES(Y)  OR  NO(N) 

>N0 

ENTER  ACCELERATION  ROUTINE 
INITIALIZE  DATA 
M-lEl  AGT-2000  X-1300 

AVERAGE  SPROCKET  HP  1054.67  FOR  TOP  SPEED  OF  43.5871 
THE  FULL  POWER  ACCELERATION  SIMULATION  IS  COMPLETE 
OUTPUT  FILE  IS  ACCEL. DATA 

SIMULATION  FACILITY:  THE  FOLLOWING  SIMULATIONS /OPERATIONS  CAN  BE  PERFORl-lED 

1  -  FULL  THROTTLE  TRACTIVE  FORCE  VS  VEHICLE  SPEED 

2  -  FULL  POWER  ACCELERATION  PERFORMANCE 

3  -  FUl'lL  CONSUMPTION 

4  »  RETURN  TO  TOP  LEVEL  CONTROLLER 
ENTER  THE  NUMBER  OF  YOUH  CHOICE 

>4 

TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 

COMPONENT(CD)  SIMULATE (SIM)  GRAPlKC)  OR  STOP(S) 

>GRAPH 

THE  TERMINAL  TYPE  YOU  ENTERED  (1)  DOES  NOT  HAVE  GRAPHING  CAPABILITIES 
TOP  LEVEL  CONTROLLER;  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 
COMPONENT(CD)  SIMULATK(SIM)  GRAPH(G)  OR  STOP(S) 

>STOP 

WARNINGS!  YOU  MAY  HAVE  PREVIOUSLY  CHANGED  OR  CREATED  THE 
VEHICLE 
ENGINE 

TRANSMISSION 

AND  THIS  DATA  HAS  NOT  BEEN  SAVED 

DO  YOU  WANT  AN  OPPORTUNITY  TO  SAVE  THIS  DATA?  yKS(Y)  OR  NO(N) 

>YES 
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REKEMBER,  EACfl  SAVED  VEHICLE,  ENGINE  OR  TRANSMISSION  MUST  HAVE 

A  UNIQUE  NAME. 

TOP  LEVEL  CONTROLLER;  EN*^  .  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 

COMPOKENTCCD)  SIMUu Gk  i(C>  OR  STOP(S) 

>DB 

COMPONENT  DATA  HANT  ’  :  EJ-ni^R  A  CO!  ’  «.D  (OR  ABBREVIATION)  ; 

CREATE(CR)  LIST.'-  CftA5Gi:(CF  SAVE(S) 

RECALL(R)  DELETE V  '  >  RETURN(RET) 

>SAVE 

SAVE  ROUTINE:  ENTER  THE  ENTITY (OR  ABBREVIATION) 

VEHICLE(V)  ENGIN£(E)  TRANS(T)  RETURN(RET) 

>VEHICLE 

THE  VEHICLE  CALLED  M-lEl  HAS  BEEN  SAVED  ON  FILE 

SAVE  ROUTINE:  ENTER  THE  ENTITY (OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETURN(RET) 

>ENGINE 

THE  ENGINE  CALLED  AGT-LOOO  HAS  BEEN  SAVED  ON  FILE 

SAVE  ROUTINE:  ENTER  THE  ENTITY(OR  ABBREVIATION) 

VEHICLE(V)  ENGINE(E)  TRANS(T)  RETl]RN(RET) 

>TRANS 

THE  TRANSMISSION  CALLED  X-1300  HAS  BEEN  SAVED  ON  FILE 

SAVE  ROUTINE:  ENTER  THE  ENTITY (OR  ABBREVIATION) 

VEHICLE (V)  ENGINE (E)  TRANS (T)  RETURN(RET) 

>RETUKN 

COMPONENT  DATA  HANDLER:  ENTER  A  COMMAND  (OR  ABBREVIATION)  : 

CREATE(CR)  LIST(L)  CHAN(X(CH)  SAVE(S) 

R£CALL(R)  DELETE(D)  QUERY(Q)  RETURN(RET) 

>RETURN 

TOP  LEVEL  CONTROLLER:  ENTER  ONE  OF  THE  FOLLOWING  COMMANDS  (OR  ABBREVIATIONS): 

COMPONENT(CD)  SIMULATE(SIH)  'GRAPH(C)  OR  STOP(S) 

>STOP 

IF  SIMULATIONS  HAVE  BEEN  RUN  THE  FOLLOWING  FILES  CONTAIN  OUTPUT  DATA: 

TRACTIVE  FORCE  VS  SPEED  ON  TRACTIVE. FORCE. DATA 
FULL  POWER  ACCELERATION  ON  ACCEL. DATA 
FUEL  CONSUMPTION  ON  FUEL. DATA 
OK, 
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APPENDIX  E 

INFORMATION  TO  USE  GRAFTEK 


’CaftAFTEK  Is  a  aaparata  program  which  can  be  uaed  to  fit  curvea  to  data. 

It  can  be  usmd  to  obtain  the  coefflclenta  for  all  third  order  polynomial 
curve  flta  (e.g..  Speed  Ratio  va  Torque  Ratio  and  Tranamlaalon  Input  and 
Output  Loaaea).  The  program  contains  an  explanation  of  the  different 
options  and  can  be  initiated  with  the  following  command:  SEG 
<DRAS02>JAC0BS0N>GRAFTEiO#GTEK.  The  program  produces  several  files. 

The  file  names  are  as  follows: 


F#00S:  File  of  actual  Input  data 

F#006:  Formatted  list  of  Input  data  (Original  Data) 

Ff007 :  Unknown 

FIOOS:  Output  listing  of  curve  fit 
FlOlO:  Unknown 


The  following  pages  show  the’GRAFTEK  screens  which  provide  Information 
on  the  use  of  the  options  and  the  graph  screen.  The  following  steps  are 
required  to  fit  a  curve  to  data  points:  1)  Select  "READ  IN  NEW  DATA" 
with  the  cursor.  2)  Enter  the  data  at  the  bottom  of  the  screen  In  X|Y 
pal  re  separated  by  comma*,  making  sure  not  to  go  past  the  short  vsrtlcle 
line.  Each  line  of  data  points  must  end  with  a  comma.  When  all  data 
has  been  entered  and  "END  OF  DATA"  haa  been  selected  the  data  points 
will  then  be  plotted  on  the  graph.  3)  When  all  data  points  have  been 
entered  and  plotted  select  "DISPLAY  A  CURVE"  with  the  cursor  and  then 
select  the  type  of  curve  shown  on  the  Isfthand  aide  of  the  screen.  For 
a  3rd  order  polynomial  select  "3RD"  under  "POLYNOMIAL".  The  program 
will  then  fit  the  type  of  curve  selected  to  the  data  points  and  then 
plot  the  curve. 

Each  time  a  curve  la  plotted  the  coefficients  are  printed  to  the  file 
FlOOS  along  with  the  actual  X,Y  data  and  the  calculated  Y  data. 
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APPENDIX  F 


INFORMATION  TO  USE  FUEL  MAP  PROGRAM 


This  prograa  haa  the  capability  of  digitising  sn  engine  fuel  map  and 
producing  a  datafile  that  can  be  read  Into  the  alaulatlon.  Contact 
Richard  Jacobaon  (Ext4  45878/45999)  for  Infonaatlon  on  using  thla 
prograa. 
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AFPENDIX  G 


MATCHING  AN  ENGINE  WITH  A  TRANSMISSION 


G-1 


lo  ordair  to  obtoln  good  porfonunce  from  the  slawletloA,  the 
Hydrokloetlc  trenealesloiui  auet  be  properly  eetched  to  the  englne.Thie 
Mtcblog  ie  dlfflrult. 

It  enowpeesee  such  things  ss: 
o  Proper  Engine  Power 
o  Proper  Converter  Chsrscterlstlcs 

When  s  converter  end  engine  are  nlsastched  the  engine  nay  reach  naxinun 
speed  at  a  low  speed  ratio  or  the  engine  nay  operate  at  a  low  speed  and 
not  reach  peak  torque  over  the  range  of  speed  ratios.  To  obtain 
Infomatlon  on  natehlng  a  non-standard  conblnatlon  of  engine  and 
transnlsslon  contact  Richard  W.  Jacobson  AMSTA-RY  45879/45999. 

If  slnulatlon  results  appear  Incorrect  or  the  slnulatlon  abnomally 
tamlnataa,  contact  Richard  Jacobson.  In  the  case  where  the  slaulatlon 
abnomally  ternlnates,  obtain  a  copy  of  the  tracaback  and  any  partial 
output  files  to  assist  In  locating  the  problen. 
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APPENDIX  H 


BLANK  VEHICLE  DATA  SHEET 


VEHICLE  DATA  SHEET 


VEHICLE  NAME  -  _ 

DEFAULT  ENGINE  -  _ 

DEFAULT  TRMiSMIISSION  -  _ 

GROSS  VEHICLE  WEIGHT  »  LB 

fliis  is  the  weight  of  the  track  that  is  not  on  the  ground. 

ACTIVE  TRACK  WEIGHT  ■  LB 

Rolling  resistance  for  wheeled  v^iclM  on  hard  surface  is  around  30 
Ib/ton.  Army  tracked  vehicles  are  generally  3  times  this  amount. 
Secondary  road  rolling  resistance  is  approximately  10%  greater  and  cross 
country  rolling  resistance  is  about  100%  greater. 


PRIMARY  ROAD  ROLLING  RESISTANCE  «  LB/TON 

SECONDARY  ROAD  ROLLING  RESISTANCE  »  LB/TON 

CROSS  COUNTRY  ROLLING  RESISTANCE  -  LB/TON 

FRONTAL  AREA  -  FT**2 


Air  drag  coefficients  of  different  vehicles  are  as  follows: 
Trucks  .8  to  1.5 

Van  body  .5  to  ,7 

Car  ,3  to  .5 


AIR  DRAG  COEFt'ICIENT 


APPENDIX  I 


BLANK  ENGINE  DATA  SHEET 
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The  following  2  pages  are  the  blank  Engine  Data  Sheet. 


ENGINE  DATA  SHEET 
(PAGE  1) 


ENGINE  NAME  =  _ 

ENGINE  MAXIMW  HORSEPOWER  *  _ HP 

INSTALLATION  LOSS  FACTOR  _ 

LESS  THAN  OR  EQUAL  TO  1.000 

STANDARD  TEWreRATURE  =  _  DBG  F 

STANDARD  ALTITUDE  •“  _ FT 

RATED  ENGINE  RPM  -  _  RPM 

ENGINE  IDLE  RPM  = _ RPM 

ENGINE  SKIED  FOR  SHIFT  » _ RPM 

ENGINE  MOMENT  OF  INERTIA  -  _  _  FT-IB-SBC**2 


RPM  FT-I£F 


ENGINE  RPM  VS  GROSS  TORQUE 
RPM  FT-LBE'  RPM  FT-LBF  RPM  FT-LBF 


Ttje  following  engine  data  is  fitted  to  third  order  polyncxmial  equations. 
In  order  to  find  the  coefficients  the  program  GRAETEK  can  be  used.  See 
Apperidix  E  on  the  use  of  this  program. 


TOEE'FICIENTS  TO  EJIGINK  TORQUE  LOSS  CURVES 

CONSTANT  X  X**2  X**3 

ACCESSORY _ _ _  _ 

ALTERNATOR  _  _  _  _ 

ENGINE  FAN  _  _ _ _ _ 

COEFFICIENTS  TO  TEMPERATURE  AND  ALTITUDE  CORRECTION  FACTOR  CURVES 

TEMPERATURE  _ _ _ _ 

ALTITUDE 
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ENGINE  DATA  SHEET 
(PAGE  2) 

Hie  data  in  the  engine  fuel  consumption  map  must  be  filled  out 
completely  in  order  for  the  simulation  to  operate  properly.  Data  values 
are  in  BSFC  (Ib/hp-hr).  Data  outside  the  full  power  curve  and  at  the 
zero  points  on  the  axis  is  developed  by  straight  line  extrapolation. 
Itiere  is  a  program  available  to  digitize  an  engine  fuel  map  and  put  that 
data  into  the  correct  format  for  this  simulation,  Appendix  F  describes 
the  use  of  this  program  and  the  required  inputs.  Contact  Richard 
Jacobson  45879  on  the  use  of  this  program. 

FUEL  OONSLiMPTION  ENGINE  SPEED  STEP  SIZE 


NUMBER  OF  ENGINE  RPM  POINTS  INCLUDING  ZERO  * 


NUMBER  OF  HORSEPOWER  POINTS  INCI.UDING  ZERO  » 


SAMPLE  ENGINE  FUEL  CONSUMPTION  MAP 
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APPENDIX  J 

BLANK  TRANSMISSION  DATA  SHEET 
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TftMlSMlSSlON  DATA  SHEST 
(PAGE  1) 


TMMaMISSZCM  HAHE  -  _ 

TBANSHXSSXON  TYPE  -  HYDROKINbTIC 

MBCHANXCAL  _ 

TSAtiflNXSSIOII  GEAR  SHIFT  TIME  - _ SBC 

THAMSMISSIOM  INPOT  MOMENT  OF  INERTIA  -  _ PT-LB-SEJC**2 

NAME  OF  ENGINE  MATCHED  TO  THIS  TRATiSMISSICN  -  _ 

IF  TYPE-HYDBOKINETIC,  CONVERTER  NAME  »  _ 

ENGINE  TO  TRANSMISSION  GEAR  RATIO  -  _ 

ENGINE  TO  TRANSMISSION  GEAR  EFFICIENCY  -  _ 

TRANSFER  CASE  GEAR  RATIO  -  _ _ 

TRANSFER  CASE  GEAR  EFFICIENCY  «  _ 

FItBtfi  DRIVE  OSAR  RATIO  -  _ 

PlltX  DRIVE  GEAR  EFFICIENCY  »  _ 

FINAL  DRIVE  MOMENT  OF  INERTIA  «  _  PT"tJB-SBC**2 

SPROCKET  PITCH  RADIUS  -  _  FT 

NUMBER  OF  CXiARS  »  _ 

NORMAL  STARTING  GEAR  « 
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TRANSMISSION  DATA  SHEET 
(mCB  2) 

Itie  next  three  items  are  the  torque  converter  characteristics  of  a 
hydrokinetic  type  transmission.  This  data  is  fitted  with  third  order 
polynomial  equations.  In  order  to  find  the  coefficients  the  program 
GRAFTEX  can  be  used.  See  Appendix  E  on  the  use  of  this  program. 

The  data  can  be  fitted  to  either  1  or  2  curves.  If  one  ciirve  is  used 
than  the  speed  ratio  at  whidi  the  curves  change  must  be  1.0  and  the 
coefficients  for  curve  2  are  set  to  zero.  If  2  curves  are  used  then  all 
three  data  items  must  change  at  the  same  speed  ratio. 

SPEED  RATIO  AT  WHICH  THE  CURVES  CHANGE  »  _  _ 


aJEPFICIENTS  TO  THE  TWO  SPEED  RATIO  VS  TORQUE  RATIO  CURVES 

CONSTANT  X  X**2  X**3 


CURVE  1  _  _  _  _ 

CURVE  2  _  _  _  _ 

GOHPPICIBNTS  TO  THE  TWD  SPEED  RATIO  VS  INPUT  CAPACITY  FACTOR  CURVES 

CURVE  1  _  _  _ _ _ 

CURVE  2  _ _ _  _ 

ODEFFICIENTS  TO  THE  TOO  OUTPUT  CAPACITY  FACTOR  VS  SPEED  RATIO  CORVES 

CURVE  1  _  _ _  _  _ 

CURVE  2  _  _  _  _ 

TRANSMISSION  FAN  TORQUE  LOSS  COEFFICIENTS 


COEFFICIENTS  FOR  TRANS  INPUT  TORQUE  LOSS  CURVE 

CONVERTER  _  _  _  _ 

LOCKUP  _  _ _ _ 

COEFFICIENTS  FOR  TRANS  OUTIW  TORQUE  LOSS  CURVE 

GEAR  CONSTANT  X  X**2  X**3 

1  _  _  _  _ 

2 _ _  _ _ 

3  _ _ _ _ 

4  _  _  _  _ _ 

5  _ _ _ _ 

6 
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(PMZ  3) 

IhB  following  data  items  require  1  entry  for  each  gear  ratio.  The 
simulation  can  accept  transmissions  with  up  to  6 (six)  gear  ratios. 

The  tKanamission  GEAR  MODE  represents  the  capability  of  a  hydrokinotic 
type  tranamission  the  modes  ate: 

TRANSMISSION  GEAR  MODE  ••  1  (ODNVERTER  ONLY) 

-  2  (LOCKUP  ONLY) 

«•  3  (BOTH  CONVERTER  AMD  LOCKUP) 

When  the  transttiission  type  is  MECHANICAL  then  the  TRANSMISSION  GEAR  MODE 
must  be  2  for  every  gear. 

IKANSMISSION  GEAR  MODE  1  - _ 

2  - 

3 « IIIIIIIIIZZZZIIZZII”" 

4  ■ 

5  »  _ 

6  » 


CONVERTER  SPEED  RATIO  FOR  LOCKUP  1  « 

2  ■ 

3  ■ 

4  “ 

5  » 

6  ■ 


TRANSMISSION  GEAR  RATIO  1  - 

2  « 

3  ■ 

4  « 

5  ■ 

6  » 


TRANSMISSION  GEAR  EFFICIENCY  1  - 

2  « 

3  - 

4  " 

5  - 

6  - 


TRANS  GEAR  OUTPUT  MOMENT  OF  INERTIA  1  * 

2  - 

3  ■ 

4  “ 

5  * 

6  - 
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TRANSMISSION  DATA  SHEET 
(PAGE  4) 

The  following  data  is  used  in  the  fuel  consumption  simulation.  The 
TRANSMISSION  SHIFT  SCENARIO  is  the  normal  gear  shifting  sequence  when 
the  vehicle  is  accelerating  or  decelerating.  Tlie  TRANSMISSION  GEAR 
SHIFT  VALUES  represent  a  shift  line  for  the  particular  gear  condition; 
these  are  sets  of  horsepower  and  vehicle  spe^  values,  across  which  the 
transmission  will  shift  to  the  next  gear  in  the  TRANSMISSION  SHIFT 
SCfcMARlO.  There  will  only  be  TRANSMISSION  GEAR  SHIFT  VALUES  for  the 
conditions  which  have  a  1  in  the  TRANSMISSION  SHIFT  SCENARIO. 

TRANSMISSION  SHIFT  SCENARIO 

GEAR  CONVERTER  LOCKUP 

1 


2 


3 


4 


5 


6 


TRANSMISSION  GEAR  SHIFT  VALUES 

CONVERTER 

GEAR  1  2  3  4  5  6 

ITFJ^  HP  SPEED  HP  SPEED  HP  SPEETJ  HP  SPEED  HP  SPEED  HP  SPEED 

1 


2 


3 


4 


LOCKUP 

GEAR  1  2  3  4  5  6 

ITEM  HP  SPEED  HP  SPEWED  HP  SPEIED  HP  SPEED  HP  SPEED  HP  SPEED 

1 


2 


3 


4 
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OI^TSUIISOTiCfiM  LIST 


CoRinander 

Defense  TUKshnical  Information  -^Itontcr 
Bldy.  5,  Cameron  Station 
ATTN:  DDAC 

4le)(andria,  V4  22304>9990 
Cooniander 

D.S.  Army  Tank-Automotive  Cotmmand 

AW^PEJO-CCV-R 

Warren,  MI  48397-5000 

Conmander 

II. S.  Army  Tank-Auti'vnotive  Connnand 

AMCPISO-CS-Q 

Warren,  MI  48397-5000 

Coromander 

ri.S.  Army  Tank-Automotive  Command 

AMCPI-IO-CS-S 

Warren,  MI  48397-5000 

Contuander 

n.S.  Array  Tank-Automotive  Comiivind 
AM2h4-LA 

Warren,  Ml  48397-5000 
Commander 

tJ.S,  Aniy  Tank-Automotive  Command 

AMCPtl-TV-EL 

Warren,  MI  48397-5000 

Coaii\ai>der 

D.S.  Army  Tank-Automotive  Comtnan*! 
AMCPM-TV-P 

Warren,  Ml  48937-5000 
Commander 

tJ.S.  Array  Tank -Automotive  Commanil 
AMCm-TVH 

Warren,  MI  48397-5000 
Conmander 

n.S.  Array  Tank-Automotive  Conmand 
AMCPM-IVM 

Warren,  MI  48397-5000 


Dist  -  1 


DlSTRlBiniON  LIST  (Continued) 


Conmandec 

U.S.  Amy  Tank-Automotive  Conmand 
AMSTA-CK 

WarreniT  MI  48397-5000 
Coaiiuundec 

U.S.  Amy  Tank-Automotive  Comman:] 
AMSTA-GDD 

Warren,  MI  48397-5000 
CoRinander 

U.S.  Ar«ny  Tank-Automotive  Conmand 
AMSTA-HP 

Warren,  MI  48397-5000 
Ccamander 

U.S.  Army  Tank-Automotive  Command 
AMSTA-CF  (Mr.  Orlicki) 

Warren,  Ml  48397-5000 

Comaandar 

U.S.  Amy  Tank-Autanotive  Command 
AMSTA-NL 

Warren,  MI  48397-5000 
Cotimander 

U.S.  Amy  Tank-Autanotive  Cawnand 
AMSTA-QA 

Warren,  MI  48397-5000 
Cannander 

U.S.  Amy  Tank-Autanotive  CanmancJ 
AMSTA-QRA 

Warren,  MI  48397-5000 
Caitoander 

U.S,  Army  Tank-Autanotive  Commaal 
AMSTA-QRD 

Warren,  MI  48397-5000 
Canmander 

U.S.  Amy  Tank-Autanotive  Command 
AMSTA-R 

Warren,  MI  48397-5000 
Coctimander 

U.S.  Army  Tank-Autanotive  Command 
AMSTA-RG 

Warren,  MI  48397-5000 
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DISTRIBUTION  LIST  (Continued) 


Copies 

Coitifnander  2 

U.S.  Army  Tank-Autornotive  Coninand 

AMSTA-HGE 

Warren,  MI  48397-5000 

CooaraamSer  2 

ri.S.  Tank-Autonwtive  CouMwnd 

AMSTA-RGR 

Warren,  MI  48397-5000 

Coimander  2 

(I.S.  Army  Tank-Automotive  Command 

AMSTA-RC?r 

Warren,  MI  48397-5000 

Commander  2 

U.S.  Army  Tank-Automotive  Commaixl 

AMSTA-RR 

Warren,  MI  48397-5000 

Comnender  2 

U.S.  An«y  Tank-Automotive  Command 

AMSTA-RSA 

Warren,  MI  48397-5000 

Commander  2 

U.S.  Army  Tank-Automotive  Carenend 

AMSTA-RSO 

Warren,  MI  48397-5000 

Comnoander  2 

U.S.  Army  Tank-Autcixiotive  Command 

AMSTA-RSK 

Warren,  MI  43397-5000 

Commander  2 

U.S.  Amy  Tank-Automotive  Connraand 

AMSTA-RSS 

Warren,  MI  48397-5000 

Commander  2 

U.S.  Army  Tank-Autcxtyitlve  ComTend 

AMSTA-RTS 

Warren,  MI  48397-5000 

Cotnmander  2 

(J.S.  Army  Tank-Autanotive  Coinmand 

AMSTA-RVI'J 

Warren,  MI  48397-5000 


uist  -  3 


DISTRIBUTION  LIST  (Continued) 


Coranander 

U,S,  Array  Tank-Automotive  Cowtund 
AMSTA-RY 

Warren,  MI  48397-5000 
Corannander 

U.S.  Arnny  Tank-Automotive  Corarvanci 
AMSTA-TB 

Warren,  MI  48397-5000 
Commander 

U,S.  Array  Tank-Automotive  Coiwoand 
AMSTA-TO 

Warren,  MI  48397-5000 
Commander 

U.S.  Arnty  Tank-Autortiotive  CotmkiikI 
AMSTA-TF 

Warren,  MI  48397-5000 
Cotitnander 

U.S.  Arn«y  Tank-Automotive  Coranaoil 
AMSTA-TM 

Warren,  MI  48397-5000 
Commander 

U.S.  Array  Tank-Automotive  Coraman»3 
AMSTA-V 

Warren,  MI  48397-5000 
Comonander 

U.S.  Artry  Tank-Automotive  Command 
AMSTA-ZUM 

Warren,  MI  4r’.J97-50l]0 


Ccmander 

U.S.  Aim  '  Tank-Autoimotive  Cofamand 
AMSTA-ZDS 

Warren,  MI  48397-5000 
Manager 

Defense  Logistics  Studies  Tnffo  Rxchange 

ATTN:  AMXMC-D 

Fort  r.ee,  VA  21801-6044 


Director 
ATTN:  AMXSY-MP 

Aberdeen  Proving  Cround,  MD  21005-5071 
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DISTRIBUTION  LIST  (Continued) 


Copies 

CoomsiKier  2 

D.S.  Tank-Automotive  Coovnand 

AMSTA-ZB 

Watren,  MI  48397-5003 

Cotnuander  2 

U.S.  Acmy  Tank-Automotive  Coivnand 

AS!!JC-TAC-0 

Warten,  MI  48397-5033 

Commaivier  2 

U.S.  Amy  Tank-Autanotive  Comnfiand 
ASNC-TAC-DCMS 
Warren,  MI  48397-5000 
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